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SUMMARY AND HIGHLIGHTS

This réport includes the first substantive body of in situ
density, bearing strength, shear strength, and moisture content
data measured by Project personnel. Emphasis in this fiscal
year's measurements was on low-density materials since available
data suggest that the upper meter or so of the lunar surface
consists of lowedensity material. In situ densities ranged up-
ward from 0.43 g per cc, and bearing strengths ranged from

4 to 4.6 x lO7 dynes per cm? (0.5 to 607 psi).

3.4 x 10

Tabulation of compressional wave data indicates that for
90 percent of the data, ground particle velocities at 30 m from
a 0.05 kg dynamite shot are between 0.23 and 16 x 10-3 cm per
sec with a median value of 2,1 x 10-3. Ranges of particle veloc-
ities at other distances have been tabulated and approximate
empirical conversion coefficients for ratios of energy due to
dynamite charges of various size, 45-kg weight drops, and blasting
caps are presented.

Physical properties studies made in the laboratory on cores from
six lunar analog sites show little correlation between seismic wave
properties and densities or strengths. In situ measurements at
23 sites show that the density (p) and the compressional wave

velocity (Vp) are related by the formula

p = 0.454 1nV_-1.46.



The rms deviation of observed data from calculated values is 0.24
g per cc.

Geologic documentation of lunar analog sites has continued
auring the éast fiscai year and reports covering geologic investi-
gations of-five lunar analog sites are presented in this report.

Petrographic examination of cores from the Sonora Pass granite
indicates that the rock is homogeneous quartz monzonite. The dry bulk
density averages 2.62 g per cc and the pgrosity averages 1.8 percent,

Examination of core and surface samples from the Mono Ash
site show that the material at the surface consists of dry
lapilli ash of Late Pleistocene-Recent age probably derived
from the adjacent Mono Craters. A tuff (probably equivalent
to the Bishop Tuff) occurs at and below 47 m in the core hole.
Density of material above the tuff averages about 1.26 g per cc.

Geologic mapping of the Southern Coulee indicates that the
coulee consists of three main parts: the dome,where the flow
was vertical; the flow, where the flow was lateral; and the talus
slope surrounding the flow., Three lithologic units were dis-
tinguished kmainly within the flow)on the basis of variations
of density. Analyses of samples from different localities
indicate that the flow is chemically homogeneous.

Examination of surface samples and cores from the Bishop
Tuff site indicates that the rock at the site consists of 18.6 m
of well-indurated pink rhyolitic tuff underlain by unconsolidated

ash of similar composition.



Petrographic examination of core from a 107-m core hole on
the south rim of Meteor Crater revealed a 10-m-thick debris
zone at the top in which the stratigraphic sequence was inverted.
The debris zéne was underlain by a 10.1-m thickness of fine-
grained calcareous sandstone of the Moenkopi Formation. The remain-
ing 87 m consisted principally of sandy dolomite of the Kaibab
Limestone,

Grain densities, bulk densities, porosities, compressional-
wave velocities, shear-wave velocities, elastic moduli by static
and pulse methods, compressive strength, tensile strength, and,
in some cases, permeability measurements have been completed
for coreé from six analog test sites. These data are tabulated
and presented in an appendix to this report.

Numerous other groups participating in the space program
have requested data on the Southern Coulee to support various
types of tests at this site. Plate 1 (in map pocket),'ﬁAtggotgﬁ

graphic map of the Southern Coulee

iérﬁéing puglished Qith this réport to aid other groups.
7 Aﬂditional copies are available upon request.

Compressional wave data, including Vp, attenuation, and fre-
quency measurements were completed essentially for all sites
during the past fiscal year. These data are tabulated in an

appendix to this report. Some problem areas may require reshoot-

ing after completion of further study of the data.



Drill logs for 2100 ft of diamond coring completed by Project
personnel are tabulated along with hole locations in the appendix.
In addition, the Project rig drilled over 9000 ft of shot holes.

Sixteen.operational subroutines prepared by Project personnel
are listed in the appendix, together with brief descriptions of the
functions of the subroutines. Increasing amounts of data are
being processed on digital computers and it is anticipated that
most of the seismic data originally processed by hand will be
reprocessed on digital computers during Fiscal Year 1967.

Shear-wave measurements have been completed at sites near
Flagstaff, Arizona. It is anticipated that shear-wave measure-
ments will be completed at the remainder of the sites during
July 1966 and results summarized in the next Project report.

Status of seismic studies, geologic mapping, coring,
petrography, laboratory physical properties measurements, and
in situ physical properties measurements at all lunar analog

sites is summarized in table 1



Table 1l.--Status of lunar analog site studies

[X~-complete, /--partially complete, O--not applicable, l--shear
wave data not complete, 2--relatively complete reports available
from other sources, 3--no adequate means of coring exists.
must be done from surface samples.]

Petrology

Site Seismic Geologic Cores Petrography Lab. Phys. In Situ
Data Map Prop. Phys. Prop.

Kana-a Flow X X X X X
Cinder Hills X 0 3 3 / /
S P Flow X X 3 X X /
Kaibab Limestone X 0 X 0 X 0
Mono Ash X1 0 X X /
Southern Coulee X1 X X X / X
Bishop Tuff X1 0 X X /
Sonora Pass X1 0 X X X 0
Amboy Flow X1 X2 / /2 X
Pisgah Flow X1 X2 /2
Meteor Crater X1 X2 X X X /
Middle Mesa X / X / /
Sierra Ancha X. 0
Sacramento alluvium X 0 0
Lompoc X 0 0 0 X
Inyokern X 0 0 0 0 X
Olancha X 0 0 0 X
White Sands X 0 0 0 0 X




IN SITU PHYSICAL PROPERTIES MEASUREMENTS

by Lawrence A. Walters

ABSTRACT. --In situ bulk density, moisture content, bearing ca-
pacity, shear strength, and compressional wave velocity were deter-
mined simultaneously on seven lunar analog sites. Bearing capacities
ranged from 3.4 x 104 to 45.9 x 109 dynes per cm? (0.5-675 psi).
Density ranged from 0.43 to 1.87 g per cc. A large range of proper-
ties for the same material was found for various physical states of
the material.

Introduction

In situ bulk density, moisture content, bearing capacity, shear
strength, and P-wave velocity were recorded simultaneously for the
following lunar analog materials: S P blocky andesitic basalt,
Meteor Crater rim material (previously shocked and fractured lime-
stone and sandstone), Southern Coulee pumice, Olancha bentonite,
Lompoc diatomite, Inyokern volcanic ash, and White Sands gypsum sand.
Bearing capacities ranging from 3.4 x 104 to 45.9 x 106 dynes per
cm2 (0.5-675 psi), and bulk density ranging from 0.43 to 1.87 g per
cc, were recorded for these diverse materials (table 2). A large
range of properties for the same material was found for various
physical states of the material, suggesting thap lunar materials
could have .an equally large range of properties dependent upon their
physical state.

This study is part of the continuing program of study of the
interrelationships of various physical parameters of possible lunar

analog materials whose tentative goal is to define the physical
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parameters of materials by geophysical techniques.

Techniques
In situ bulk density was measured by two techniques:

1. A gamma ray backscatterer with a 4.5 millicurie

source was used to determine the density of materials whose
maximum block size did not exceed 12.5 cm. Pits were excavated
to get subsurface density measurements because the maximum depth
of penetration of the gamma ray backscatterer probably did not
exceed 25 cm. A limiting diameter of 1 m at the base of these
pits was necessary to prevent backscattering interference

from the walls.

2. The bulk density of blocky materials whose largest dimension
exceeded 12,5 cm was determined by excavating and weighing a
large sample of material whose volume was known. The volume
of the excavated pits was determined by lining the pits with

plastic and filling them with water (Walters, 1966).

Bearing capacities were measured by forcing steel platens into
surface materials with a hydraulic jack anchored to the frame of a
one-ton truck. Ultimate bearing capacities were determined from
load-settlement curves (fig. 1). Loading increments never exceeded
25 percent and seldom exceeded 10 percent of the failure load. Each
load increment settled for 0.5-1.0 hrs. Most bearing capacities in
this report are subject to rechecking with larger platens when suit-

able loading apparatus is acquired.
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Moisture content was determined by wet and dry weights and by

the ! neutron-moisture apparatus. The J

the addition of a chemical neutron source and by an appropriate
voltage adjustment on the scaler.
Shear strength was determined at various depths with an Acker

vane shear tester equipped with a precision torque head.

S P Flow

The S P Flow is a highly fractured, blocky andesitic basalt
flow located in the northern part of the San Francisco volcanic field
near Flagstaff, Arizona. The flow extends 7.2 km north from the
base of S P Crater and reaches a maximum width of 3.0 km. The maxi-
mum thickness probably does not exceed 60 m.

The flow consists of loosely packed, angular pol&gonal blocks of
vesicular lava ranging in size from less than 2.5 cm to greater than
1.5 m. Abundant fines consisting of ash and residual weathering
products.occur in voids between the blocks of lava.

A bulk density pit was dug'3 m deep on the thickest part of

the flow. The bulk density was 1.23 g per cc (table 2 ).

11



Meteor Crater
A bulk density test pit was dug in the debris layer atop the
overturned flap on the southern rim of Meteor Crater near Winslow,
Arizona. Excavated material consisted of loose sand and platy
blocks of sandstone whose maximum size was 40 cm x 40 cm x 90 cm.
The pit was excavated to a depth of 2 m and the bulk density was

1.87 g per cc with a moisture content of 3 percent by weight (table 2 ).

Southern Coulee
Southern Coulee is the largest of four Recent, pumiceous,
rhyolitic flows of the Mono Craters area in eastern California (Loney,
this report). Three bulk density pits were dug on the coulee on
seismic lines DEF (pit 1) and PQR (pit 3), and in an area south-

east of line STU (pit 2). Locations are shown in figure 2.

Compressional wave velocities, bearing capacities, and moisture
content were determined at the same time density measurements were

made (table 2 ).

12
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Olancha Bentonite
The Olancha bentonite site is located 16 km east of Olancha,
California, at the southern end of Owens Valley. The material is
a non-swelliné montmorillonite clay that has been extensively mined

for use as a filter aid

4 éﬁ&ﬁznsgéticide carfier.
The bentonite talus site consists of material mined from adit
29 and dumped on the slope in front of the mine adit (fig. 3 ).
Minor amounts of an overlying dense volcanic rock are intermixed
with the bentonite. The bentonite talus is underlain by talus
composed of predominently dense volcanic rock (fig. 4). Talus
fragments range in size from fine lumps to blocks 30 cm x 30 cm x 7.5
cm (fig. 5 ).
The "in place' site (fig. 6 ) is underlain by at least 3.5 m of
compact bentonite which is in turn underlain by a claye§ siltstone.

Data are tabulated in table 2.

14
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Lompoc Diatomite
The Lompoc diatomite site is a few kilometers south of Lompoc,

California, This diatomite occurs

in the Miocene-Pliocene Sisquoc Formation.
The diatomite talus site is on a low-grade stockpile (no. 15)

)(fig.7 ). The stockpile is about

3.2 m thick and is underi;in by a more compacted diatomite stockpile
and "in place'" diatomite waste material. The diatomite talus mate-
rial ranges in size from very fine aggregates to lumps of material
25 cm x 25 cm x 5 cm (fig. 8).

The "in place'" site is on the crest of an anticlinal structure
on hill 24 (fig., 9) and consists of at least 30 m of "waste
diatomite”. The "waste diatomite" is diatomite interbedded with

clay and admixed clay.

18
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Inyokern Volcanic Ash
The Inyokern volcanic ash site is located 23 km south of Inyokern,

California, The material consists of

volcanic ash with varying degrees of alteration (kaolinization?)

(fig. 10).
The volcanic ash stockpile is approximately 3 m thick. It is

stratified vertically into various density and moisture units (table 2 ).
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White Sands Gypsum
Bulk densities, moisture content, and P-wave velocities were
measured for fine- and coarse-grained gypsum sand (table 2) at the

White Sands National Monument, New Mexico.
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CORRELATION OF PHYSICAL PROPERTIES--FROM LABORATORY
MEASUREMENTS AND FROM IN SITU MEASUREMENTS

by Joel S. Watkins, Carl H. Roach, and Ralph P. Christian

ABSTRACT. --Physical properties data have been measured in the
laboratory from cores taken from the more than 600 m of NX diameter
core collected at 10 lunar analog sites during the past 18 months,

Core data from six sites have been examined in detail including
preparation of 48 scatter diagrams in an attempt to find relation-
ships between the measured physical properties. Correlations from
the laboratory measurements have been poor at best and gemerally
unrewarding.

Correlation of 23 in situ measurements of bulk density and
P-wave velocities are encouraging.

During the last 18 months of the In Situ Physical Properties
program, over 600 m of NX diameter core have been recovered from a
variety of lunar analog sites. These cores have been sampled at
intervals, and measurements of grain density, bulk density, porosity,
P-wave velocity (Vp), S-wave velocity (VS), elastic moduli, uncon-
fined compressive strength, and in some cases, tensile strength and
magnetic susceptibility have been made in Geological Survey labora-
tories. These measurements were made as part of a detailed documen-
tation program of the lunar analog test sites, and also in hopes
that some relationships might be observed between the various physical
properties.

Briefly, the measurement techniques were as follows: (1) sonic
properties were measured on one-inch diameter core specimens taken

from the axial region of larger NX cores; (2) dry bulk density and
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porosity measurements were made on the same core specimens; and (3)
static properties were measured on segments of NX-core immediately
adjacent to locations where the smaller one-inch diameter cores were
taken.

Electrically-excited barium titanate transduced P-wave energy
into rock cylinders and P-wave velocities (Vp) were measured directly.
S-wave velocities (Vé) were obtained from two barium titanate trans-
ducers in combination with two AC cut quartz transducers that con~
verted P-waves into S-waves and transmitted the S-waves longitudinally
through core specimens., Elastic constants were calculated from
values of Vp’ Vs’ and bulk density.

Bulk density and porosity measurement techniques for small core
specimens were summarized by Roach and Johnson (1966). Some sonic
measurements were made by the bar-resonance technique described by
Birch (1937).

For compressive strength tests, rock core with length versus dia-
meter of 2:1 and with ends plane parallel to within 0.001 inch were fitted
with four SR-4 strain gauges on the outside surface of each along a
plane perpendicular to the long axis and passing through the geo-
metric center of the core. Pairs of gauges were diametrically
opposed and oriented normal to each other. One pair averaged longi-
tudinal deformation and the other averaged lateral deformation.

The core was placed in'a static load press. Each core was
cycled twice at approximately 50 psi per sec to a load of about
0.25 expected failure pressure. On the third cycle the load was

applied until rock failure occurred.
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Electrical energy supplied by the load cell and resistance
changes in the strain gauges were recorded simultaneously by two X-Y
recorders, one of which plotted Young's modulus and the other Poisson's
ratio. A continuous plot was made until rock failure occurred, but
moduli quoted in this report were derived from the early linear part
of the first cycle of loading.

Physical properties data collected in the laboratory from cores
from six sites were examined in detail, including preéaration of 48
scatter diagrams in an attempt to find relationships between the

physical properties measured.

Three of the six sites sampled were basaltic or andesitic basalt
lava flows located near Sunset Crater, Arizona, (Kana-a basalt flow);
Amboy, California, (Amboy pahoehoe basalt flow); and the S P Flow
approximately 30 miles north of Flagstaff, Arizona,(andesitic basalt
flow). Two of the sites consisted of late Paleozoic and Mesozoic
sedimentary rocks. The Kaibab Limestone site consisted of interbedded
arenaceous limestone and calcareous sandstone; the Meteor Crater
site included fragments of the Coconino Sandstone, Kaibab Limestone,
and Moenkopi Sandstone, which had been badly broken and brecciated
during formation of Meteor Crater. The sixth site consisted of a
massive granite cropping out near the Sonora Pass of the Sierra
Nevada in eastern California. More detailed information can be ob-
tained for most of these sites from previous project reports.

Scatter diagrams include plots of density (p) as a function of
v, Vs’ unconfined compressive strength (ucs), and Young's modulus

P
(E); Vp as a function of p, porosity, ucs, and E; VS as a function
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of p, porosity, ucs, and E; porosity as a function Vp, Vs’ and ucs;
unconfined compressive strength as a function of p, Vp, Vs’ porosity,
E, and Poisson's ratio; Young's modulus as a function of p, Vp, Vs’
and ucs; and_Poisson's ratio as.a function of ucs.

Correlation of the unrelated properties was poor and not signi-
ficant. Those few instances where correlations can be inferred
generally show scatter large enough to render the correlations
virtually useless as a method of estimating one property from another.
One of the best correlations, relationship of porosity and VS ob-
tained from cores taken at S P Flow, Arizona, is shown in figure 1l.
Insofar as grain densities of cores from S P Flow are relatively
uniform, VS also correlates reasonably well with bulk density (p),

as does V_.
P

Figure 12 shows the relationship of Vp and p for S P Flow,
Kana-a Flow, and Amboy Flow samples. Figure 13 is a similar dia-
gram showing the relationship of Vp and p for cores from sedimen-
tary rocks at Meteor Crater and the Kaibab Limestone site in Arizona.
Figure 14 shows the relationship between unconfined compressive
strength and VS; and between unconfined compressive strength and
porosity of samples from S P Flow. it is difficult to detect any
meaningful trend or correlation in any of these three figures.

Figures 15, 16, and 17 show relationships between parameters
that are mathematical functions of one another. Figure 15 shows re-
lationships between Vp and E for samples from the Kana-a Flow; figure

16 shows the relationship of p and E from cores from S P Flow; and
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wave velocity (V_ ) (pulse method), S P Flow, Kana-a Flow, Arizona,
and Amboy Flow, Ralifornia.

29



METEOR CRATER ROCK
A Moenkopr Formation
O Kaibad Limestone
60 KAIBAB LIMESTONE SITE
@ Kaibab Limestone
O
5.0 ° o
[ ]
- (o]
-
40}
§ b o« ° )
o
> o
3.0
. d A
A
2.0+ &
[o]
a
1.0
A i L i 1 i
1.9 2.0 2. 2.2 23 2.4 FX-] 26
p (g perce)

Figure 13,--Relation of dry bulk density (p) and compressional
wave velocity (V_) (pulse method). Meteor Crater and Kaibab
Limestone sites,"Arizona.

35
EXPLANATION
35p [ ] U.C.S. - Porosity
’ (o] U.CS. - Vg
<30
o [ J
o
(] o 425 §
30p ° i
':,.- L PN 8 =
€ ] o o £
= 8 o ° 3
K ° . L 4208
° o
°
L ) °
23 ) <415
° [ ]
AL 1 1 ) -
1.0 1.2 14 16 T

Unconfined compressive strength (dynes per cm? x 108)
Figure 1l4,--Relations of unconfined compressive strength, shear-

wave velocity (VS) (pulse method), and porosity, S P Flow,
Arizona

30



. 40} o
o}
%o
o
= % o
) ° %
=
~ 30
§ o © 00
X °" o
i o
[e]o] (o] o]
w
o] o o fo)
- 2.0} o o °
[o}
i)
[
)
() 4 1 i 1
2.5 30 38 40
Vp (kmpe)

Figure 15.--Relation of compressional wave velocity (V_) and
Young's modulus (E) (pulse method), Kana-a Flow, AriZona.

70
o o
o
o

so| o
_ o o
2
= ol
~ o ooo o
3
('3
§sof o
& o
H o 8
h] fo) o
w

o
o o
a0} ©
o
1 i 1 i 1 L
20 21 2.2 23 2.4 28 26 27
p (9 per cc)

i Figure 16.--Relation of dry bulk density (p) and Young's modulus
(E) (pulse method), S P Flow, Arizona,

31




(O} 4

.mconmu< ‘motd 4 S ‘(poyasuw asind) (4)
sninpou s,3unox pue (" A) A3TOO0T2A °ABM IBIYS JO UOTIB[NY--°/] 2an31g

(sduy) SA
st o€ 2 02

L ) T T T

Q
<

o
")

o
©

0oL

Young's Modulus (dynes per cm2x 10")

32




figure 17 shows the relationship of VS and E from cores from S P Flow,
Arizona. The relatively good correlations between these functions
result from the fact that E is a function of p, Vp’ and Vs' In
actual field data, the range in p is relatively small at a given
site, and VS is roughly proportional to Vp.

In situ physical property measurements, which are discussed in
more detail elsewhere in this report, have been more difficult to
ébtain than the laboratory measurements, but 23 measurements show
promise of significance. Figure 18 shows the relationship between

Vp and in situ bulk density (p).

In figure 18, the least squares fit
p = 0.454 1an-1.46-
and has an rms error of .24 g per cc.

Better correlation of in situ data probably results from de-
creased effect of small cracks, pore orientation, and bedding. These
factors tend to average in the in situ measurements but are dominant
factors in measurements of very small core samples.

Correlations of laboratory measurements have been unrewarding
and will be continued only to the extent that data will be com-
puterized and least square fits will be computed with standard
deviations.

Correlation of in situ measurements of bulk density (p) and Vp
are encouraging. However, more and better data, especially with

respect to the bulk density, are required.
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IN SITU DRILLING PROGRAM

by Robert A. Elmer and Lawrence A. Walters

ARSTRACT.--In a 1.5 year period, the In Situ Project ! __
) ~drill rig has been used to drill 9 ,400
feet of shot holes and 2,100 feet of diamond core holes. This opera-
tion was achieved at a total operating cost of $51,740. It is
estimated that this amount of work done on a contract basis would
have cost $66,000 without yielding many of the intangible benefits
derived from the project owned rig.

The In Situ Project has operated a drill rig on behalf of the
National Aeronautics and Space Administration, Manned Spacecraft
Center, Houston, Texas, since January 1965. This paper summarizes
operating costs and work accomplishments for an 18-month period.

The drill rig is  mounted
on a - ) 7~"ﬂtfucgwwith a groséméaérying caéacity of
15,000 1bs. It~is equiéped with a 31.5-ft hydraulically raised-and-
lowered mast that can handle 20-ft lengths of drill rod. The rotary
table has a 7.5 in opening. The power feed is capable of exerting
15,000 1bs on the drill string. The rig is capable of drilling
holes from 4 in to 5.6 in diameters to depths of 1,000 ft using
water. The rated capacity for the same size holes is 500 ft using
air., A driller and a driller's helper are required to operate the
rig and the supporting water truck.

Table 3 tabulates the capital investment for the drill rig and

nonexpendible accessories. Capital investment will be depreciated

on a straight-line basis over a 7-year period for calculation purposes.

37



Table 3.--Capital expenditures for in situ drilling program

[ Straight-line depreciation at 14.287% per year
over a 7-year period]

Drilling
"7~ 7" Cab and chassis- - = = = - = - R $ 6,500
Front wheel drive and
25-ton winch = = = = = = = = = =~ - - - - 3,000
o ' ’Jcombination rig- - - - = - - - 19,350
7.5~ in opening rotary table - = = ~ - - - < = 1,500
Drill Pipe
Four 20-ft drill collars- = = = = = = = = ~ = 1,250
Nine 20-ft flush joints = = = = = « = = = -~ - 900
Four 20-ft external upsets- - = = = = = - ~ - 275

Core Barrels
Four 3 1/2-in-outside diameter barrels- - - - 1,500

Three 5 3/4-in-outside diameter barrels - - = 1,500
Accessories for above = = @ = = = = 2 = - - - 500

Drilling Accessories

Mud pan = = = = = = = = = = = = = = = = = ~ = 200
Subs= = = = = & e e e e e e a e e e e e .. 300
Drive hammer- = = = = = = = = = = = o = =« « = 100
Reusable casing = = = = = = = = =« = = = - - - 1,500
Hand tools- = = = = = = = =@ = = 2 = = o = « = 1,250
TOTAL $39,625
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Table 4 tabulates the recurring expenditures for a l.5-year period.

For the period January 1965-June 1966, $43,250 was spent for
operating costs and expendible supplies. To this amount must be
added 21.42 ﬁercent of the capital investment to get a total cost
of $51,740 for the operating period.

During this 1l.5-year period a total of 9,400 ft of shot holeé
and 2,100 ft of diampnd.coring was accomplished. Using average prices
for drilling as $3 per ft for shot holes and $12.50 per ft of NX
diamond cores, approximately $54,000 of work was realized. Footage
costs take moving costs into account for inaccessible areas and over-
burden costs. Contracted work woﬁld have included a $12,000 salary
of an experienced drilling supervisor. Hence, a comparable amount
of work would have cost the In Situ Project $66,000.

Intangible benefits, such as availability of drilling equipment
when it was needed, reliable personnel familiar with attempted prob-
lems and willingness to undertake problems that many experienced
companies are reluctant to attempt, cannot be adequately evaluated
in terms of dollars.

The greatest benefit derived from this program was excellent
core recovery, a factor which cannot be achieved with a contract
driller primarily interested in footage.

Appendix A shows locations and drill logs for the In Situ dia-
mond drilling program. All of the Kana-a drilling was contracted
and footage figures for these holes are not included in the cost

operations calculations.
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Table 4 .--Recurring expenditures for in situ drilling program
for the period January 1965-June 1966

Expendible equipment

Diamond drill bits = = = « = = = = = = = = = = = $ 5,000
Rock bits = = =« = = = = = = = o = v = = = =« = - 1,500
Supplies, mud, cement, core boxes,

blocking, etc., = = = = = = = = = o = = o - = & 1,900

Maintenance costs

Drill rig = = = = = = = @ = = = = = = = = = = = 1,350
Rock Dits = = = = = = = & = @ &0 = & & = = = = = 250

Operating costs

Drill rig = = = = = = = = = = = = = o« = = = = 2,350
Water truck (surplus)= = = = = = = = = = = = =« - 1,500
Pickup (rental)= = = = =~ = = = = = = = = = = = = 3,500

Wages of driller and helper

Wages = = = = = = = == 2o o«=@0---n-- 17,800
Overtime = = = = = = = = = = @ = = = = = = = = = 5,500
Per diem = = = = = = = o o = = o o m .= - .o~ 2,600

SUB TOTAL $43,250

Depreciation = = = = = = = = = 2 @ 2 o @ @ o @ - - 8,490

TOTAL $51,740
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LIMITS OF HEAD-WAVE AMPLITUDES FOR SHORT SPREADS
FROM VARIOUS CHARGE SIZES, BLASTING CAPS,

AND 45-KG WEIGHT DROP

by Hans D. Ackermann

ABSTRACT. --Measurements of head-wave amplitudes obtained with
various charge sizes at 12 in situ test sites have been normalized
to a standard distance (30 m) and charge size (.05 kg dynamite).
The upper and lower bounds of head-wave amplitudes as a function
of distance for the standard charge have been estimated and empirical
relationships determined to predict such bounds when other charge
sizes, blasting caps, or 45-kg weight drops are used as the energy
source. Only distances less than 300 m are considered.

Introduction

This paper reviews the relationship between the velocity of
ground-particle motion of initial head waves from various energy
sources released near the ground surface at 12 in situ sites: Amboy
Flow, Bishop Tuff, Cinder Hills, Kana-a Flow, Middle Mesa, Mono Ash,
Pisgah Flow, Sacramento Valley, Sierra Ancha, Sonora Pass, Southern
Coulee, and S P Flow.

The Bishop Tuff, Mono Ash, Sonora Pass, and Southern Coulee
sites are described elsewhere in this report. Kana-a and S P flows
have been described in previous project reports; other sites, except
Sacramento Valley, a thick alluvium deposit, have been summarily

described in the FY-66 Work Plan,
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Energy Sources

Energy was released within 0.6 m of the ground surface and was
initiated by either a charge of dynamite weighing between 0.03 and
4.5 kg (1/16'and 10 1bs), an electric blasting cap, or by a 45-kg
(100 1bs) weight dropped from a height of 2.4 m. Charge size was
selected so that the first half cycle of the head wave could be
measured with sufficient accuracy and had an adequate signal-to-
noise ratio, but also so that the overdriving of amplifiers, caused
by higher amplitude later arrivals, was minimized, After recording,
amplitudes were measured in equivalent volts input to the seismic
amplifiers and converted to displacement velocity from velocity

seismometer calibration curves.

Data'Reduction

Comparison of signals generated by caps, weight drops, and
dynamite necessitated normalization of amplitude data to a standard
distance and charge size., A short distance (1-10 m) seemed preferable;
but on many spreads the nearest seismometer to the shot point was 30 m
from it which was too far for confident projection of signal attenua-
tion data. Hence, 30 m and .05-kg dynamite, respectively, were
chosen., The symbol A&,E will be used to denote signal or wave ampli-
tude at distance, d, resulting from charge E. Thus, normalized ampli-
tude is represented by ABO,O.OS'
It was observed from sites where a range of charge sizes were

used that a tenfold increase in charge roughly doubled signal ampli-

tude. This is equivalent to the expression A30 EMEO‘B which is used
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for normalization. The observed relationship seems consistent with
expected energy loss in shallow holes. Observed data are badly
scattered, and the general use of this relationship is by no means
conclusive.

Values of signal amplitude recorded at 30 m from the shot were

tabulated from attenuation plots and normalized graphically to

A30,0.05°

Amplitude-Distance Relationships

If a is defined as

3

v

é:

O

o
o

where vV is the modal frequency of the head wave, Qa is a constant,
and « is the head wave velocity, then an expression for amplitude

of the head wave (A) at some distance, d, is

A =Ke -~

where K and a are constants (see Godson and others, 1965, p. Fl1).
Thus, a is an attenuation coefficient. A log-normal graph of A as

a function of d is a straight line with slope -a, and each attenua-
tion plot therefore results in a value for attenuation coefficient,
2, and normalized amplitude, A3O,O.05° For i (number of attenuation
plots) the pairs (A§O,O.05, éi) then define a set of signal amplitude
curves for 0.05 kg dynamite as a function of distance,

. i
i -al(a-30)
(A4,0.05 = %30,0.05 © )
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The amplitude at 30 m is A§0,0.05 and the slope is 131 (see fig. 19).
Figure 20 shows the pairs (A;O’o.osxgi) for 178 attenuation measure-
ments from the sites previously mentioned with the attenuation
coefficient ag a function of amplitude. This is a convenient form
of presentation for the following analysis.

In order to determine bounds on values of signal amplitude for
0.05 kg dynamite as a funtion of distance it is necessary to determine
the upper a?d lower bounds for the set of 178 curves d;0.05 =
A;O,o.ose-al(d-3o). The upper and lower values for bounds at d = 30 m
are values of A3O’O.05‘,which will bound a desired percentage of the
values A§0,0.05' To bound 90 percent of A§0,0.05’ the upper bound,

U

\ =3 L . -
A30,O.05 is 16 x 10 © cm per sec and the lower, A30,0‘05 is .23 x 10

cm per sec, These are obtained directly from figure20. (Five per-

3

cent or 9 of the wvalues of A;O,O.OS are to the left of ABO,O.OS =
.23 x 10-3 cm per sec and 5 percent to the right of A30,0.05 =
16 x 10"3 cm per sec.)

For a curve bounded at d = 30 m, the slope g? may be such that
it will leave the bounds at a larger distance (fig. 19). Similarly,
a curve outside the bounds at d = 30 m later may become bounded.

The total percentage bounded will be maintained approximately for
all distances, This cah be accomplished by choosing a value of a
for the lower bound (g}) and one for the upper bound (5?) which will
similarly bound the desired percentage of the valueslgi. These are

also obtained from figure 20, and for 90 percent values, 5} = 0,155 m-1

and EP = 0.025 mfl.
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Curves bounding 90 percent of the values of Ad 0.05 are
»0.
plotted in figure 19. A curve representing the median values of

(A&0,0.0stgl) also is shown.

Comparison of Signal Amplitude

In addition to dynamite, blasting caps or weight drops were used
as an energy source at nine sites. The weight drop consisted of a
45-kg lead weight dropped from a height of 2.4 meters. Signal
amplitudes from the caps and weight drops at 30 m (A30,cap and
A30,wd) were read from the attenuation plots and tabulated. For
each of the nine sites, the means (Z) and the mediaﬁs (A%) of

A30’0’05, A30,wd and A3O,cap were determined and were denoted re-

ofa
o~

spectively as £30,0.05° #30,0.05° #30,wd’ %30,wd’ 430,cap’ "¢

*

A3O,cap'

" ible 5 summarizes ratios of cap versus normalized dynamite
amplitudes, weight drop versus normalized dynamite amplitudes, and
weight drop versus cap amplitudes; and shows the number of measure-
ments for each energy source. Data from table 5 suggest that
signal amplitudes generated by the 45-kg weight drop were slightly
greater than those generated by a cap. Signal amplitudes from
both caps and weight drops generally are between one and ten per-

cent of those generated from 0.05-kg dynamite.
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Conclusions
Measurements of head-wave amplitudes for 178 attenuation

measurements at 12 in situ test sites, obtained with various charge
sizes, have‘been normalized to a standard distance (30 m) and a
charge size (0.05 kg). Field measurements using different dynamite
charges have given an approximate empirical relationship between
amplitude and charge size, A30,E~E0.3’ which is used to normalize
data to the standard charge. The upper and lower bounds for signal
amplitudes resulting from 0.05-kg dynamite as a function of dis-
taﬁce have been determined (fig. 19) from these normalized ampli-

) and corresponding attenuation coefficients (gi).

0,0.05
These bounds with the relation Ad E\.DO'3 can be used to predict

tudes (A;

signal amplitudes for varying distance and charge size.

An empirical relationship between seismic energy released by
a 0.05-kg dynamite charge, a cap, and weight drop has been estab-
lished. This information combined with that in figure 19 can be
used to estimate limits of head-wave amplitudes at sites where

caps, weight drops, or similar energy sources are used.
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STRUCTURE AND COMPOSITION OF THE SOUTHERN COULEE,

MONO CRATERS, CALIFORNIA--A PUMICEOUS RHYOLITE FLOW
by Robert A. Loney

ABSTRACT. --The Southern Coulee is the southermmost and largest
of the four Recent pumiceous rhyolite coulees, or stubby flows, of
the Mono Craters, eastern California. It is one of the youngest
volcanic deposits of the Mono Craters and is mostly bare and uneroded.
The coulee is 3.6 km long and averages 1.2 km wide and has a minimum
thickness of 150 m. It was protruded from a north-trending fissure,
beneath and parallel to the crest of the Mono Craters ridge.

The coulee has three main parts: the dome, located over the
orifice, where flow was about vertical; the flow, where movement was
lateral; and the talus slope, which surrounds the coulee and which
formed from the advancing steep flow front. Three small areas of
air-fall, pumice ash occur on the coulee and seem to be remnants
of an ash eruption that took place during an early phase of the
coulee eruption.

' Three distinct lithologic units based on rock density or
degree of vesicularity have been mapped as follows: unit of lowest
density (0 = 0.65); unit of intermediate density (P = 1.20), and
unit of highest density (P = 1.75). Contacts between units are
abrupt in spite of the fact that core drilling has shown the coulee
to be a jumbled mass of blocks down to at least a depth of 45 m.

The two less dense units, which consist of highly inflated, thick-
bedded pumice, form two connecting, boat-shaped outcrops along the
entire south margin of the coulee. These units are probably not
over 25 m thick and are underlain by the unit of highest density,
which seem to form the rest of the coulee. The dense unit consists
of thin- to medium-bedded, dense pumice and lesser amounts of
obsidian,

Distribution of lithologic units was probably caused by the
eruption of all the units from the southern part of the fissure,
while only the unit of highest density erupted from the northern
part. The lava protrusion involved several streams that had an
anastomosing flow pattern. This complex flow modified the original
spatial relations of lithologic units.

The petrographic and chemical data indicate a uniform compo-
sition for the lava that belies its heterogeneous aspect. The lava
is composed almost entirely of clear glass (average n, = 1,488 = .001)
and contains only trace amounts of microlites and cristobalite-
sanidine spherulites, Eight chemical analyses show a silica range
of from 74.7 to 76.2 percent and indicate a rhyolite of the sodi-
potassic subrange. This composition is characteristic of glassy
fluidal rhyolites.
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Introduction

The Southern Coulee (Russell, 1889; Putnam, 1938) is the
southernmost and largest of the Recent pumiceous rhyolite flows, or
coulees, of Mono'Craters, eastern California (fig. 21). The coulee
extends east-west 3.6 km, roughly normal to the trend of the Mono
Craters ridge with about two-thirds of the coulee lying west of the
crest of the ridge. It averages about 1.2 km wide and has a minimum
thickness of 150 m. The maximum altitude of thg coulee is 2,717 m
on the surface and the minimum altitude at the western toe is
2,250 m.

According to Kistler (in press), the northward arcuate trend of
the Mono Craters is probably controlled by a major ring fault that
bounds a circular area of subsidence, centered about 4 miles west
of the craters (fig.21). A major fault zone beneath the southern
end of the craters was revealed during the comstruction of the
‘Mono Craters Tunnel (Gresswell, 1940, p. 202).

Southern Coulee is one of the youngestAdeposits of the Mono
Craters. It overlaps rhyolitic domes and associated craters on
both sides. The major part of its surface is free of the pumice ash
deposits that blanket most of the Mono Craters and the surrounding
country. Other coulees in the northern part of the craters are
also young deposits, mostly free of ash.

Southern Coulee was selected for study by the In Situ project
because it is an excellent example of a pumiceous,fluidal,silicic

lava flow that is virtually untouched by erosion and alterations,
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and yet is accgssiblg to'heavylvehicles. The uneroded fresh con-
dition of the coulee makes it analogous to lunar volcanic terranes.
Access by vehicles to the surface of the coulee was limited to the
southeastern part, where pumice blocks are being quarried.

The upper surface consists of extremely rugged hills and ridges
of loose rubble as much as 25 m high. Spires of solid pumice pro-
ject through the loose rubble (fig.22). The terrain is extremely
difficult to traverse. The coulee is surrounded by a steep talus
slope that ranges from 60 to 90 m high. The rubble of the slope lies
at the angle of repose or perhaps locally at greater angles where

permanently frozen (£fig.23).

Morphology

Topographic features of the coulee are mostly constructional
and related to the extrusion of the coulee. The Southern Coulee
can be divided into four parts (fig.24): (1) the dome, in which
the movement of lava was mostly vertical; (2) the flow, in
which the movement of lava was mostly lateral; (3) the ash
deposit, which is air-fall, pumiceous ash and lapilli and (4)
the marginal talus slope. The ash deposit is not directly
related to the coulee and may be entirely foreign to it. The talus
slope is a secondary feature formed during and after the advance of
the steep-sided flow.

ngg.--The domg makeéiﬁp most of the high part of the coulee

and probably overlies the vent from which lava was protruded.
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Table 10.--Meteor Crater drill hole 4 core log

Depth Thickness ’ Description
(m) - (m) - RN . - Lt om cee o~ .~ .-
0.0-1.2 7 1.2 Sandstone, yellowish-gray, fine-gréined;

grains rounded, average 0.25 mm in
diameter; broken core.

1,2-4.9 3.7 Sand, yellowish-gray, fine; rounded
grains average 0,25 mm in diameter,

4.9-6.1 1.2 4 Sand, silty, varicolored grayish-yellow
and moderate reddish-orange; contains
rock fragments up to 1.2 cm.

6.1-6.9 0.8 Silt, sandy, grayish-yellow; plastic;
calcareous; contains rock fragments up
to 1.2 cm.

6.9-7.6 0.7 Silt, sandy, moderate reddish-orange;
contains broken rock fragments up to
40 mm in length; fragments are calcar-
eous sandstone and sandy dolomite.

7.6-8.1 0.5 Dolomite, very pale orange, fine-grained;
contains small lens-shaped cavities;
broken core.

8.1-9.3 1.2 Sandstone, white, fine-grained; irregu-
lar pale yellowish-orange threadlike
streaks; sand content at 8.8 m is
74 percent.

9.3-10.0 0.7 Sandstone, pale yellowish-orange, fine-
grained; numerous pockets averaging 5 mm
in diameter of white fine-grained, friable
granular carbonate. Sand content at
9.5 m is 59 percent.

10.0-20.1 10.1 Sandstone, calcareous, pale reddish-
brown to grayish-red, very fine-grained;
scattered pockets. of sericite and fine-
grained muscovite; locally shaly from
11.6-12.8 m, 14.8-14.9 m, 19.8-20.0 m.
Sand content at 11.4 m is 72 percent.



Depth
(m)

Table 10.--continued

Thickness
(m)

Description

20.1-20.2

20.2-21.0

21.0-21.6

21.6-21.8

21,8-22.2

22.2-24.8

24.8-39.6

39.6-41.5

- 41,5-92.4

0.1

0.8

0.6

0.2

0.4

2.6

14.8

1.9

50.9

Dolomite, grayish-orange, fine-grained.

Dolomite, light brown, coarse-grained
aggregate; averages 2.5 mm in diameter
with occasional lenses of colorless
carbonate.

Calc-dolomite, pale yellowish-orange,
fine-grained; 10 percent scattered
coarse colorless calcite crystals
averaging 3 mm; occasional vugs averag-
ing 2 mm in diameter contains rhombs
of dark yellowish-orange carbonate.

Dolomite, mottled moderate orange pink
to pale greenish-yellow, coarse-grained;
carbonate grains 1-3 mm in diameter;
some pockets of fine-grained calcareous
sandstone; rock is very well indurated.

Dolomite, pale yellowish-orange, fine-
grained.

Dolomite, mottled moderate orange pink
to pale greenish-yellow, fine-grained;
average dolomite grain size is 0.2 mm;
some pockets of fine-grained dolomitic
sandstone. Sand content at 22.6 m is

25 percent.

Dolomite, very pale orange to white,

-fine-grained; fossil shell-solution

cavities between 29.5 and 34.2 m. Sand
content at 30.2 is 5 percent.

Dolomite, pale yellowish-orange to gray-
ish-yellow, fine grained.

Sandstone and dolomite, white to yellow-
ish-gray, fine-grained; gradational con-
tacts. Sand content as follows:

45.5 m = 41 percent
61,0 m = 74 percent
75.6 m = 70 percent

= 49 percent

91.5 m
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Table 10.--continued

Depth Thickness Description
(m) (m)
92.4-93.0 0.6 ~Dolomite, very pale orange, fine-
grained. =~ 7
93.0-95.5 2.5 Sandstone, white to yellowish-gray,

fine-grained; sand content at 95.0 m
is 76 percent.

95.5-107.3 39.6 Sandstone, pale yellowish-orange to
grayish-yellow, fine-grained; fossil
solution cavities at intervals from
96 m to 106 m; calcite with dolomite
from 102 to 106 m; scattered round to
oval pockets up to 10 mm in length of
friable, very fine-grained white car-
bonate from 105 to 107 m. Sand con-
tent as follows:

98.5 m = 66 percent

101.5 m = 72 percent

106.0 m = 57 percent
107.3-107.4 0.1 Sandstone, white, fine-grained; consists

of well sorted colorless quartz grains
averaging 0.25 mm in diameter; dissemi-
nated minute black (opaque) grains

0.05 mm in diameter surrounded by rusty
halos.
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Table L1, Relative abundance of clastic quartz (insoluble residue)
[ percent by weight]

Depth Quartz

(m) (percent) Formation

8.8 74.1 _ Debris zone (Kaibab Limestone)

9.5 58.8 " " " " -
11.4 71.7 Moenkopi Formation

22.6 24.6 Kaibab Limestone

30.2 5.1 " "

45.5 41.4 " "

61.0 73.7 " "

75.6 69.6 " "

91.5 48.5 " "

95.0 76.4 " "

98.5 66.0 " "
101.5 ' 71.5 " "
106.0 56.5 " "
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Table 12, Visual estimate of modal comp031t10n from thin sections
[ percent by volume;.

Depth Carbonate Quartz Cavities Formation
(m) _(percent) (percent) (percent)
8.9 ' 15 85 ' ' S ‘Debris zome
9.5 A 40 60 -- " "

11.4 25 75 -~ Moenkopi Formation
16.1 45 55 -- " "
18.3 20 80 -- " "
20.1 40 60 -- " "
21.0 97 3 Trace Kaibab Limestone
21.4 95 2 3 " "
22.0 95 5 -- " "
22.7 65 35 -- " "
23.3 40 60 -- " "
29.9 75 10 15 " "
32.6 70 10 20 " "
37.5 75 25 -- " "
45.5 75 20 5 " "
53.4 75 10 15 " "
61.0 35 65 -- " "
67.5 75 10 15 " "
69.8 55 45 - " "
75.7 44 55 1 " "
81.8 55 43 ) 2 " "
87.4 60 40 - " "
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Tablel2. Visual estimate of modal composition from thin sections--
continued, [percent by volume].

Depth Carbonate Quartz Cavities Formation
(m) (percent) (percent) (percent)
91.6 60 35 5 Kaibab Limestone
95.0 25 75 -- " "
98.5 40 60 -- " "
103.0 20 75 5 " "
106.0 40 : 60 -- " "

192



The Kaibab Limestone consists of sandy dolomite in the upper
25 percent of the formation, sandy dolomite interbedded with dolo-
mitic sandstone in the central 60 percent of the stratigraphic sec-
tion, and calc-dolomitic sandstone in the lower 15 percent of the
cored section. The clastic quartz content is almost invariably
high in the dolomite layers. Dolomite is relatively coarse-grained
above 24.8 m, and microcrystalline granular below 24.8. The

lithology suggests near-shore chemical precipitation.

Reference
Shoemaker, E. M., 1963, Impact mechanics at Meteor Crater, Arizona
in The Moon, meteorites, and comets--The solar system, vol. IV:

Chicago, Univ. Chicago Press, p. 301-336.
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"INVESTIGATION OF IN SITU PHYSICAL PROPERTIES
OF SURFACE AND SUBSURFACE SITE MATERIALS
BY ENGINEERING GEOPHYSICAL TECHNIQUES' PROJECT

FY 1967 WORK PLAN

Introduction

Physical properties data of the lunar surface are essential
to the proper assessment of astronaut safety during the Apollo
missions. They are necessary for the full interpretation of the
geophysical data obtained by instruments in the Lunar Surface
Experiments Package. The data are essential for the understanding
of the mode of formation of the lunar near-surface materials,
lunar near-surface structures, and other lunar geologic problems;
and are necessary for a full and proper interpretation of the
data obtained from the lunar-orbiting satellites.

Mission success and its corollary, astronaut safety, are
first considerations of any engineering physical properties inves-
tigation. Of the engineering properties, bearing strength and
trafficability are thought to be most important because they are
directly related: (1) to the ability of the Early Apollo Lunar
Excursion Module to land safely on the lunar surface; (2) to the
ability of the astronaut to safely carry out his assigned mission,
and (3) to the ability of the ascent stage of the Lunar Excursion
Module to leave the surface. The physical properties measurements

thus can be divided: (1) those engineering properties that are
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directly related to bearing strength and trafficability of the
lunar surface materials, and (2) those physical properties which
will assist in interpreting geological investigations conducted
on the 1unaf surface.

Physical properties controlling the surface bearing strength
and general trafficability of the lunar surface materials will
receive highest priority since these properties will be of prime
importance to mission success. Engineering properties such as
shear strength, creep, cohesion, compressive strength, tensile
strength, Mohr's envelope, porosity, bulk density, particle size,
distribution and shape, and composition will help to determine
if the lunar surface materials will allow an early Apollo space-
craft to land safely and remain in a safe attitude throughout the
lunar mission. These engineering properties will also largely
control astronaut trafficability and safety while conducting
missions on the lunmar surface.

Elastic rock properties can be calculated from density,
compressional wave velocity, and shear wave velocity. The inter-
relationship between laboratory calculated values and in situ
values is being studied because the direct measurement of many of
the engineering properties would be extremely difficult and time-

consuming to measure on the lunar surface.
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Work Plan
Objectives

The overall objective of the project is to develop methods
for determining physical properties of lunar surface and subsurface
materials by employing seismic parameters. Emphasis is on the
interrelationship of physical properties which will assist in
determining bearing strength and trafficability, and in interpreting
early Apollo geophysical and geological investigations.

The effort on this project has been divided into four phases:
1. Selection of appropriate lunar analog sites;
2. Surface and subsurface geologic control and the measurement of

of mechanical physical properties (laboratory and in situ) ;

3. Gathering seismic data on near-surface materials;
4. Correlating data and formulating criteria by which certain

engineering properties can be deduced from seismic parameters.

Status of work and accomplishments to date

Eighteen potential lunar analog sites have been selected
for study. These sites cover a varied spectrum of physical
characteristics.

Seismic field measurements have been completed at these sites
except for the possibility of some rework and minor extension
recommended by future data analysis. Seismic measurements were
designed primarily to record head-wave motion induced in near-

surface materials by dynamite charges and weight drops. Data is
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recorded in both analog and digital form. Data from seismic analog

recordings have been analyzed for compressional-wave and shear-

wave velocities and compressional head-wave attenuations. Several

empirical and theoretical relationships have been studied that

relate these parameters to observed physical properties. Two im-

portant relationships are:

1. The in situ bulk density of dry granular and fractured materials
can be determined from the compressional wave velocity with
an rms error of about 0.24 g per cc.

2. The calculated shear modulus and Young's modulus of granular
and fractured materials can be estimated from the shear-wave
velocities without consideration of the other parameters as
indicated by the elastic theory. These calculated moduli
are being compared with the measured in situ moduli.

In situ mechanical properties measurements include bearing
strength, shear strength, penetration resistance, bulk density
and moisture content. Laboratory measurements include confined
and unconfined compressive strength, tensile strength, bulk
density, grain density, porosity, permeability, chemical analyses,

compressional-wave celocity and shear-wave velocity.
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Areas of concentration in FY 1967

Geologic and physical properties investigations

Geologic persomnel will complete the surface and borehole
petrography of the remaining unfinished sites and will be respon-
sible for the physical properties measurements.

Laboratory physical properties investigations will continue
as in past years but on a smaller scale since most of this site
data is completed. The only new measurements that will be made on
existing core samples will be scleroscope hardness.

A significant part of the project effort during fiscal year
1967 will be spent measuring in situ mechaﬁical properties. This
investigation will include the measurement of bearing capacity,
shear strength, bulk density, moisture content, and penetration
resistance. In situ bulk density is now being measured on the
surface of fine-grained sites with a 4.5 millicurie gamma ray
backécattering device. The present gamma ray backscatterer has
a depth of penetration of 10 inches. Since many of the lunar
analog sites consist of loosely packed angular blocks of rock
whose median size is greater thaﬁ 10 inches, this instrument
is not applicable for measurements in these areas.

Bulk density of the blocky sites is being measured by ex-
cavating a known weight of sample from a large pit whose volume
can be calculated. Since a nuclear density measuring device
having a penetration depth of 3-10 feet does not exist "on the

shelf", In Situ Project will construct, calibrate, and use a
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probe that will measure in situ bulk densities between two drill
holes. This probe will use a gamma absorption technique rather
than a gamma backscattering method, and the calibration will be
done on sites where the bulk density is known by an excavation
technique. This instrument will allow the operator to make a
large number of density measurements on a site in a limited amount

of time.

Geophysical investigations
Field work will be limited to rework or minor extension in
areas already investigated as demanded by future data analysis.
To date, analysis of seismic data has been done manually
from analog field recordings. Methods are tedious, time-consuming,
and do not lend themselves to the proper analysis of the frequency
spectrum of a seismic signal. All seismograms have therefore been
digitized for analysis by high-speed computers..
The basic objectives are:
a. Develop computer programs for rapid computation bf parameters
presently obtained by hand. |
b. Improve attenuation calculations by including frequency
analyses of head waves,
c. Incorporate physical;property data into computer programs.
d. Develop programs to correlate seismic data with measured

physical properties.
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e. Interpret computer results to improve criteria already
formulated by which physical properties can be obtained

- from seismic data.

Subroutine programs compatible with a CDC 3600 computer

have already been written for reading and storing data from
digital recordings and performing various frequency and
amplitude analyses (frequency and amplitude spectra, fre-
quency and velocity filtering, autocorrelation, crosscorrela-
tion, and X-Y plotting). Additional subroutine programs for
individual trace amplitude corrections and statistical analyses
of seismic and physical property data will be either written

or incorporated from existing library programs. Mainline
programs using these subroutines for computation of significant
parameters will be written and altered as the data analyses

progresses. Several such mainline programs have already been

completed.

Approximate schedules

An approximate schedule for completion of the work plan

follows:

1. All subroutine and mainline programs written and debugged

by end of second quarter;

201



2. Geologic field work and physical properties measurements

completed by end of third quarter.

3. Data analyses and final report by end of fourth quarter.



Personnel
Lawrence A. Walters and Hans D. Ackermann of the U.S.

Geological Surve: Flagstaff, Arizona,

are responsible for directing the project. The project personnel

will consist of:

1 Full-time geophysicist

1 Full-time geologist

1 Full-time rock mechanics engineer
2 Quarter-time geophysicists

1 Half-time geophysicist

1 Quarter-time geologist

1 Electronics technician

1 Half-time computer programmer

13 Sub-professional personnel
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Existing Test Sites

Eighteen lunar analog sites have been investigated as part of
the In Situ Project. .The location of these sites is shqwn in
figures 87 and 88.

S P Flow.--The flow is a Recent basaltic lava flow. The sur-
face consists of loosely packed, angular, equant, polygonal blocks
of lava that range from 20 cm to 2 m across and average about 0.3 m
in diameter. The porosity of the loosely packed rubble is estimated
to range between 20 and 35 percent.

The blocky basalt is dark gray to grayish-black and weathers
to a mottled dark reddish- and yellowish-brown. It is fine-grained
and finely vesicular; the vesicles are generally tubelike and
distinctly flattened. The vesicularity‘of the rocks at the surface
ranges from less than 5 percent to as much as 50 percent and averages
about 15 percent. Small phenocrysts and plagioclase, pyroxene,
and rarely olivine (which average about 1 mm in length) are sparsely
scattered through the rock.

The rock has a porphyritic hyalopilitic texture mainly composed
of elongate laths of plagioclase and stubby prisms of pyroxene set
in a base of brown glass. The plagioclase laths usually show a
distinct fluidal orientation that beds and swirls around the pheno-
crysts, which are mainly pyroxene. The grain size ranges from .01 mm
to 5.0 mm, and averages about .07 mm. The plagioclase is mostly
calcic andesite, indicating that the rock is probably a basaltic

indesite or an andesitic basalt.
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In Situ Arizona & New Mexico lunar analog sites.
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The physical properties of rocks at this site are thought
to resemble those of the broken, brecciated mare surface beneath
the low-density layer, or of accumulations of broken fragments
thrown out along rays from craters. A preliminary map of part of
the surface of this flow is available (Watkins and others, 1964).

A large pit of known volume was excavated at the S P site,

The bulk density of the upper 10 feet of the flow is 1,23 g per cc.

Kana-a Flow.--This Recent olivine basalt flow is a typical aa-
type lava. The flow is covered with 0-6 m of ash through which
project jagged, spinose, vesicular, clinkery blocks and plates of
lava which are commonly tilted up at various angles.

Thé lava is medium gray to medium dark gray and weathers dark
gray. It is fine grained, though distinctly coarser than S P and
is very sparsely and finely porphyritic. Olivine and plagioclase
phenocrysts occur in about equal amounts but the larger (average
diameter about 2 mm), rounded? glassy green olivine crystals are
much more conspicuous. The flow is much more vesicular than S P
with the vesicles ranging in diameter from less than 1 mm to more
than 20 mm, and averaging about 5 mm, The vesicularity ranges from
10 to 50 percent, and averages about 25 percent.

The Kana-a flow is thought to be similar to lunar mare material
overlain by a low;density layer represented in this case by the
cinders and ash. A detailed geologic examination of this flow has
been reported, (Loney, 1965).

Kana-a flow is covered with pine ana low brush, but the

adjacent Bonito flow that is thought to have been extruded from
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the same vent and has nearly identical chemical and mineralogical
composition is virtually free of vegetation. The Bonito flow was
not used for seismic investigations because it is part of a national
monument and roads cannot be built onm it.

Cinder Hills.-~-This area, which lies north-northeast of Sunset

Crater, consists of thick accumulations of ash. The ash is deposited
in beds that range from 15 cm to more than a meter thick. The

grain size in these beds varies .markedly from bed to bed with some
suggestion of grading upward from coarse to fine. The range in
grain size within a meter or so varies from 1/4 to 3 mm in diameter.

The Cinder Hills area is thought to be amalogous to a thick
accumulation of low-density material consisting of fine fragments
" formed either by volcanic activity or by repeated meteorite impact.

Kaibab. ~-This area consists of a relatively thick sequence of
Permian limestone beds and interbedded limestone-clastic beds.

The thickness exceeds 80 feet in the study area.

This area was selected to test equipment and field operations
techniques rather than for any possibility of lunar analogs. Never-
theless, its location near S P Flow and the availability of cores
for study make it an excellent possibility for earth-orbiting
satellite studies.

Meteor Crater.--Meteor Crater probably is the best example

of an impact crater in the world today. ' Investigations designed
to determine the subsurface structure of the crater have begun;
specifically, the depth and configuration of the bottom of the

brecciated layer in the crater, the thickness of the debris layer
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on the rim, and the variation of physical properties within the
debris and brecciated zones in and around the crater.

Sierra Ancha.--Two localities of Precambrian quartzite have

been selected for study., Both are located between Young, Arizona,
and Roosevelt Dam, Arizona. The quartzite in one area is not
fractured vertically to any extent but does have prominent bedding
planes at intervals of 0.3-1.0 m. The other site is massive with
respect to bedding, but it is vertically fractured to some extent.
The fractures are filled with soil and may be recemented at depth.
One area is tree-covered and probably not applicable for remote
sensing tests; however, the other area is mostly free of vegetation.

Middle Mesa.--The Navajo Sandstome is a slightly cemented
sandstone having a porosity of approximately 28 percent. An
outcrop of this unit at Middle Mesa, approximately 25 miles north-
east of the junction of highways U.S. 89 and Arizona 64 in Coconino
County, Arizona, has been selected as the study area.

Sacramento. -~-The Sacramento site is located south of Kingman,
Arizona, in the Sacramento Valley. The site is situated on a
great thickness of dry valley-fill alluvium which has grain size
ranging from clay-size materials to cobbles.

White Sands.--The White Sands site is located on the Recent
gypsum dunes of the White Sands National Monument near Alamogordo,
New Mexico.

Sonora Pass.--This granite is coarsg}y porphyritic, pale pink,
and characterized by numerous large euhedral phenocrysts of pink

potassium feldspar, which average about 5-cm long and in places
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as much as 10-cm long. Megascopically, the groundmass consists

of small (average diameter about 3 mm) grains of pink potassium

feldspar, white plagioclase, and glassy quartz through which are
scattered fine grains of biotite and hornblende.

The granite is usually unweathered except for the upper few
centimeters. It is almost homogeneous and sparsely jointed; about
2-5 cm thick. Aplite veins are present,

Forty feet of core have been taken from this granite for
study. It is thought to be similar to lunar upland material.

Southern Coulee,--The top of this coulee is a chaos of spires,

crags, and loosely piled, angular blocks of pumice and obsidian.
Three distinct lithologic units are recognized; each has a charac-
teristic range in density and distinctive physical characteristics.
No compositional differences have been recognized--differences are
related to degree and character of vesicularity. The lowest
density unit ranges from 0,51 to 0.78 g per cc. The intermediate
layer has a density of 1.20 g per cc and the highest density unit,
where obsidian is more abundant ranges from 1.37 to 2.07 g per cc.
The rock of the coulee is predominantly layered pumice
(density 0.53-2.01 g per cc) that generally lacks microscopically
visible crystals. Obsidian, a minor but ubiquitous constituent
of all units, occurs as lenses and laminae in the pumice. The
obsidian lacks visible phenocrysts but contains sparse spherulites
ranging in diameter from less tﬁan 1 mm to more than 40 mm and
averaging about 2 mm. X-ray diffraction indicates that the

spherulites are composed of sanidine and well-ordered cristobalite.
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Glass of the pumice and obsidian is fresh and lacking in
devitrification products, except the sparse spherulites in the
obsidian. A few minute crystals of sanidine have been seen
microsc0picélly, but these are extremely rare and do not noticeably
affect the whole rock x-ray diffraction patterns, which are
characteristic of pure glass.

The Southern Coulee is the only easily accessible flow of the
main chain of the Mono Craters. The extremely low densities
observed in the pumice of this coulee (presumably, equally low
densities can be found in the other craters), the high vesicularity
of the material, and local cover of fine, low-density ash (sée
Mono Ash below), make this area one of the best terrestrial analog
sites on the basis of what we no know about the lunar mare surface
material. A preliminary geologic mapping report of this flow
has been prepared (Watkins and others, 1964).

Cores from this area penetrated permafrost, thus lending
additional interest to its study because of theories concerning
the possible existence of ice on the lunar surface.

Mono Ash.--This area lies northeast of the northermmost of
the main mass of the Mono Craters and consists of a thick layer
of white pumiceous ash and lapilli that is level and free of
vegetation. The ash shows a higher degree of crystallinity than
the flow rocks; quartz, plagioclase, biotite, and possibly potassium
fgldspar have been identified by x-ray diffraction.

The lunar analogies provided by the Mono Ash are much the

same as those provided by the Cinder Hills, except that the
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Mono Ash comsists of rhyolitic fragments, whereas the Cinder Hills
area consists of basaltic fragments.

Bishop Tuff.--The rock of this large area is partially welded
rhyolite tuff of Pleistocene age. The upper 20 m is hard, dense,
and welded; but below this layer it is unwelded and less dense to
at least 60 m., The tuff is tightly jointed into polygonal columns
about 0.7 m across.

The tuff is composed of porphyritic pumice fragments that
contain abundant phenocrysts of quartz, sanidine, and lesser
amounts of plagioclase, and biotite sprinkled at random through
a matrix of fine vitric tuff. The matrix also contains crystals
similar to the pumice of Southern Coulee. Crystals compose about
10 percent of the tuff., The tuff is pink to reddish brown at
the surface. White layers stratigraphically below the pink tuff
crop out along the southern edge of the deposit.

The Bishop Tuff was selected because it is the best terrestrial
analog found that demonstrates the proposed vacuum welding of
extremely fine particles on the lunar surface.

Pisgah Flow.--The Pisgah flow is thought to have a basaltic
composition similar to that of the flows in the Flagstaff area
(Kana-a and Bonito). Reconnaissance of this flow indicates that
the surface consists of r0qgh1y equal parts of pahoehoe and aa
lava. The pahoehoe lava is smooth and trafficable. However, the
aa lava is ragged, and blocky, and similar to the surfaces of
the basaltic flows near Flagstaff.

The Pisgah flow also includes numerous lava tunnels, which,

N~
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if found on the lunar surface, could be used as natural shelters

by the astronauts; or might possibly constitute hazards to an astro-
naut traversing the surface or to a lunar module landing on the
surface during the early Apollo missions. These have been studied
in some detail. For a partial report, see Watkins and others,

1965.

In situ measurements and studies indicate that the lateral
dimensions of these cavities can accurately be determined by
seismic studies on the ground. The capability exists to perform
field verification tests, if desired, for remote sensing missions
undertaken on behalf of early Apollo missions.

Amboy Flow.--Reconnaissance suggests that the composition of
the Amboy Flow is much the same as that of the nearby Pisgah Flow.
The Amboy Flow surface consists almost entirely of smooth trafficable
pahoehoe lava and seismic investigations show that the lava tends
to be more massive and less porous in the area of our investigations.
Geologic investigations are underway to determine the causes of
the variations in surface textures of the two flows having apparent-

ly similar composition.

Lompoc diatomite site.--The Lompoc diatomite site is a few

miles south of Lompoec, California,

The diatomite occurs in the Miocene-Pliocene Sisquoc Formation.

The diatomite talus site is on a low-grade stockpile (no. 15)

The stockpile is approximately

11 feet thick and is underlain by a more compacted diatomite
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stockpile and "in place'" diatomite waste material. The diatomite

talus material ranges in size from very fine aggregates to lumps

of material 10 in x 10 in x 2 in.

The "in place'" site is located on the crest of an anticlinal
structure on hill 24 and consists of at least 100 feet of '"'waste
diatomite." The 'waste diatomite' consists of diatomite inter-
bedded with clay and admixed clay.

Olancha bentonite site.=--The Olancha bentonite site is lo-

cated 10 miles east of Olancha, California, at the southern end

of Owens Valley. The material is a none=swelling montmorillonite

clay that has been extensively mined

for use as a filter aid and insecticide carrier.

The bentonite talus site consists of material mined from
adit 29 and dumped on the slope in front of the mine adit. Minor
amounts of an overlying dense volcanic rock are intermixed with
the ?entonite, and the bentonite talus is underlain by a talus
composed predominantly of the dense volcanic rock. The bentonite
talus consists of material that ranges in size from fine lumps
to blocks 12 in x 12 in x 3 in.

The "in place" site is underlain by at least 12 ft of compact

bentonite that is in turn underlain by a clayey siltstone.

Inyokern volcanic ash site.--The Inyokern volcanic ash site

is located 14 miles south of Inyokern, California,

The material consists of volcanic ash with varying

degrees of alteration (kaolinization?).
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- The volcanic ash stockpile is approximately 10 ft thick. It

- is vertically stratified into various density and moisture units.
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Meteor Crater Core Hole 1
Coconino County, Arizona
Driller: Robert A. Elmer

Begun June 7, 1965 Finished June 9, 1965

Sample Depth
(feet below
surface)

Recovery
(percent)

Description of material

93
100

CO0COPFHFPOOnO

100
30
93
17
20

MMM W

NS WN N

Meteor Crater Core Hole 2
Coconino County, Arizona
Driller: Robert A. Elmer

Sandstone, white, pulverized.
”" 1" []]

" 1" "
17" " "
" " "
" " "
" 1" n

Limestone, yellow, coarse, uncon
1 1]

Begun June 9, 1965 Finished June 17, 1965

Description of material

solidated.
7

Sample Depth Recovery
(feet below (percent)
surface)
3.0 0
l6.0 100
26.0 20
32.0 33
35.0 66
40,0 20
45.0 50

Sandstone, white, pulverized.
” 1] "

11 n n

" 11 11
Limestone, yellow, pulverized.

11] 1" 1]
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Meteor Crater Core Hole 3
Coconino County, Arizona
Driller: Robert A. Elmer
Begun June 18, 1965 Finished June 30, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
35.0 0 Sandstone, white, pulverized.
39.0 0 Limestone, buff, pulverized.
41.0 50 Limestone, buff, semi-consolidated.
43. 0 75 1" " n n
45. 6 65 1 " n 1"
55. O 100 1" " 1] 7"
58‘ 0 80 1" 11] n 1"
63. 0 27 " " 11 11]
70.0 40 Shale, red, soft.
75.0 12 Shale, red, medium.
82.0 100 " " "
84.0 0 Ground up with rock bit (no core).
91.0 66 Shale, red, highly fractured
cavity (91.6'-92.6").
93.0 50 Shale, red, medium.
97.0 90 Limestone, buff, medium.
100. 6 55 " " "

Meteor Crater Core Hole 4

Coconino County

Driller: Robert A. Elmer

Begun January 26, 1966 Finished March 7, 1966

Sample Depth Recovery Description of material
(feet below (percent)
surface)
8.0 50 Sandstone, fractured--some rock

fragments and some pulverized
material most of which is washing

away .

10. 0 30 11 11 "

15.0 20 ; [1] 1" "

25.0 40 Sandstone and limestone, fractured.
33.0 50 Limestone, sandy, badly broken.
38.0 64 Sandstone, red, broken.

42.0 68 Sandstone, red, badly broken.
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Meteor Crater Core Hole 4, Continued

Sample Depth Recovery Description of material
(feet below (percent)
surface)
47.0 20 Sandstone, red, vertical joints
60.0 77 Sandstone, red, few vertical joints,
not as badly broken horizontally.
68.0 54 Sandstone, red; limestone, buff.
79.0 100 Limestone, sandy, buff to brown;
some zones crystalline; all badly
broken.
90.0 45 Limestone, sandy, buff; soft, air
washed soft broken material away.

101.0 41 Limestone, sandy, very badly broken.

111.0 70 Limestone, sandy, buff to gray;
badly broken.

121.0 90 " " "

132.0 81 " " "

142.0 60 " " "

152.0 83 " "o "

162.0 79 " " "

182.0 90 Limestone, sandy, buff, badly broken.

192' O 95 11 " 1y "

202. 0 60 " 11 1" 1"

212. O 65 " 11 1" "

222. 0 45 11 " 11 11

232. O 95 11 11 " "

(not too badly broken)

241‘ 0 . 100 " " " "

251.0 30 Limestone, sandy, buff,to limestone,
crystalline, tan; not too badly
broken.

262.0 47 Limestone, sandy, buff; not too
badly broken.

272.0 60 Limestone, sandy, buff; badly broken.

282. O . 45 1t (1] 1 1

292. 0 50 1t " 1" 1t

302' O 65 1) ” " 11

3 12. 5 100 11 " 1" 11]

322. 5 83 " 11 1" n

332. 5 95 11 11 ” n

342. 5 80 11) " 1Y (1]

352. 5 40 " " 1" 11]

366.0 0 Sandstone, poorly cemented (?) or

Sandstone, highly fractured (pulverized).
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Meteor Crater Core Hole 5
Coconino County, Arizona
Driller: Robert A, Elmer
Begun March 18, 1966 Finished March 30, 1966

Sample Depth Recovery Description of material
(feet below (percent)
surface)
30.0 0 Sandstone and limestone, buff.
66.0 0 Limestone, buff, sandy--contact.
91.5 0 Sandstone, red-~-contact.
102.5 0 Limestone, buff, cherty.
110.0 53 Limestone, buff to yellow, badly
fractured.
122.0 50 Limestone, buff, sandy, highly
fractured.
126. 0 75 " " 1" "
132‘ O 33 11 " 1 11]
142‘ 0 30 ” 17 " n
(powdery yellow zones washing out
completely).
152.0 Limestone, buff, sandy, not as
badly broken.
162- 0 90 11 1" n n
172.0 40 Limestone, buff, sandy, some badly
broken zones.
182’ 0 30 1h) 1" " - " 1"
192. 0 60 . 1t 1] 1 11 1]
202.0 85 " " " not too
badly broken.
2 12. 0 95 " " 1" 1" 1"
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Kana-a Flow Core Hole 1

Coconino County, Arizona

Driller: Rudy Gracey

Begun June 8, 1964 Finished June 9, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
17.0 0.0 Cinders, loose.
22.0 60 Basalt, vesicular.
32.0 - 50 " "

Kana-a Flow Core Haole 1A

Coconino County, Arizona

Driller: Rudy Gracey

Begun June 9, 1964 Finished June 10, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
6.5 0.0 Cinders.
11.5 96 Basalt--weathered zone 16'+.
16. 0 60 (1] 1" [1] L1}
26. 5 86 1" " (1] 1"
30. 0 65 (1] " " 1"
32.0 60 Cinders.

Kana-a Flow Core Hole 2

Coconino County, Arizona

Driller: Rudy Gracey

Begun June 11, 1964 Finished June 12, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
5.0 0.0 Cinders.
10.0 76 Basalt--Vesicular to 17'+; Dense
to 29'+; Vesicular to 31'+.
31.0 100 " " "
40.0 0.0 Cinders.
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Kana-a Flow Core Hole 3

Coconino County, Arizona

Driller: Rudy Gracey

Begun June 12, 1964 Finished June 12, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
8.0 0 Cinders.
9.0 70 Basalt, vesicular,
18.0 0 Cinders.

Kana-a Flow Core Hole 3A

Coconino County, Arizona

Driller: Rudy Gracey

Begun June 13, 1964 Finished June 13, 1964

Sample Depth Recovery Description of material
(feet below (percent) :
surface)
5.0 0 Cinders.
10.0 100 Basalt--dense to 12'+, then vesicular.
19. 5 66 " 1" " 11) 1"
40.0 0 Cinders.

Kana-a Flow Core Hole 4

Coconino County, Arizona

Driller: Phil Glaze

Begun July 27, 1964 Finished July 27, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
24.0 0 Cinders, loose.
30.0 45 Basalt, highly vesicular.
35.0 45 Cinders, loose.
37.0 20 Basalt and rubble.

40.0 20 Cinders, red, rubble.
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Kana-a Flow Core Hole 5

Coconino County, Arizona

Driller: Phil Glaze

Begun July 27, 1964 Finished July 28, 1964

Sample Depth Recovery Description of material
(feet below (percent)

surface)

15.0 0 Cinders, fine size.

22.0 21 Basalt, red, highly vesicular,

mostly rubble.
31.0 33 Basalt and rubble.
40.0 0 Cinders and rubble,

Kana-a Flow Core Hole 6

Coconino County, Arizona

Driller: Phil Glaze

Begun July 28, 1964 Finished July 29, 1964

Sample Depth Recovery Description of material
(feet below (percent)
surface)
10.0 78 Basalt, highly vesicular.
15.0 94 Basalt, gradually becoming less
vesicular; becoming dense and layered.
25.0 86 Basalt--0.2-0.4 ft layers.
35.0 96 17" " 1] 1" "
40.0 80 Basalt, layered, becoming vesfcular;

cinders last half foot.
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Kana-a Flow Core Hole 7

Coconino County, Arizona

Driller: Phil Glaze

Begun July 24, 1964 Finished July 24, 1964

Sample Depth‘ Recovery Description of material
(feet below (percent)

surface)

22.0 0 Cinders, loose.

Kana-a Flow Core Hole 7A

Coconino County, Arizona

Driller: Phil Glaze

Begun July 29, 1964 Finished July 29, 1964

Sample Depth Recovery Description of material
(feet below  (percent)
surface)
40.0 0 Cinders, loose.
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S P Flow Core Hole 1

Coconino County, Arizona

Driller: Norman Bailey

Begun April 12, 1965 Finished April 21, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
11.0 0 Lava, loose blocks.
13.0 75 Basalt, gray, loose, broken.
16. 2 31 1" 1" " "
17' 8 75 1" " " "
18‘ 3 100 1" 111 " 1]
22‘ 0 54 11" 18 " 1
22.5 100 Cinders and basalt, red and gray,
broken.
27.0 55 Basalt, gray, hard, thin layers.
3 l. 4 " 11 1" " "
35.5 5 Cinders or crevices (no core).
41. O 0 " " ) " 11" "

S P Flow Core Hole 2

Coconino County, Arizona

Driller: Norman Bailey

Begun April 21, 1965 Finished April 29, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)

2.1 21 Basalt, loose blocks.
3.5 13 " o 11
4. o 0 11 11] "
7. 0 38 " 1t "
1 O 49 " 1"t 1"
4 5 40 " 1" "
5 9 77 1" 1" 11"
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Kaibab Core Hole 1

Coconino County, Arizona

Driller: Norman Bailey

Begun January 27, 1965 Finished January 28, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
52.5 100 Limestone, tan, medium hard.
82.0 100 Sandstone.

Kaibab Core Hole 2

Coconino County, Arizona

Driller: Robert A. Elmer

Begun October 19, 1965 Finished November 4, 1965

Sample Depth Recovery Description of material
(feet below (percent) ‘
surface)
2.0 0 . Overburden.
6.0 0 Limestone, buff (cuttings),
12.0 91 Limestone, buff, broken, medium hard.
17.0 100 " " well jointed,
medium hard.
29.0 100 Limestone with sandstone and shaly

lenses, buff, white, pale green, a
lot of horizontal joints.

31.5 100 Limestone, buff, fossiliferous;
well jointed.
42,0 100 Limestone, buff to gray; well jointed;

lot of horizontal seams, some sand-
stone lenses.

42.5 40 Limestone, buff, broken.

44.0 26 " " "

47.5 50 " " " , soft layers.

53.0 27 " " badly brokem, " "

63.0 0 Carbide insert broke loose and ground
up core.

64.0 100 Limestone, buff, broken.

73.0 100 Limestone, buff, vertical joints; some

chert and quartz lenses; limestone
becoming sandy.

82.5 100 Limestone, buff to white, sandy; chert
layers 1' to 2' thick; some badly
broken zones.
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Kaibab Core Hole 2, continued

Sample Depth Recovery Description of material
(feet below (percent)
surface)
90.0 100 Limestone, buff to white, sandy;
solid, few joints and fractures.
98.5 100 Limestone, buff to gray, interbedded,

and sandy limestone layers; some
chert and quartz.

105.5 100 Limestone and sandy limestone inter-
bedding buff to gray, some horizontal
and vertical joints.

"

113.5 100 " 1" 1" [1]
some quartz and chert; considerable
fracturing.

123.5 100 Limestone, buff, sandy; small chert
and quartz nodules solid; few hori-
zontal joints.

133.0 100 Limestone, buff, sandy, well jointed;
some badly broken zonmes.

163.0 100 Limestone, buff to gray, sandy,

fewer joints.
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Middle Mesa Core Hole 1A
Coconino County, Arizona
Driller: Robert A, Elmer
Begun April 7, 1966 Finished April 8, 1966

Sample Depth - Recovery Description of material
(feet below (percent)
surface)
1.0 0 Sandstone, cuttings.
2.0 82 Sandstone, buff, damp, broken.
3. 0 0 11] 11] 11] 1"
4. o 84 1" " " n
5. o 82 " n 11 1"
6. 0 80. " " " 11]
11. o 80 " " " "
21. O 83 1" 11 " "
31.0 45 Sandstone, buff to white, damp,
pulverized.
37.0 0 Core spring broke; no core recovered.

Middle Mesa Core Hole 1B
Coconino County, Arizona
Driller: Robert A. Elmer
Begun April 8, 1966 Finished April 11, 1966

Sample Depth Recovery Description of material
(feet below (percent)
surface)
1.0 0 No core.
2.0 100 Sandstone, buff, poorly cemented,
broken.
4. 0 65 " 11 1" 1"
5. O 100 " 11" 11 1"
16. 0 30 1" " 1" "
21.0 66 " R 1" " "
30. 0 37 1" 1" 1 11
31. 0 75 " 1" 1" 1"
41. 0 80 " 1" 1" n
5 1. 0 33 n " " 1"
61. 0 45 " 1" 1" 1"
71' 0 20 " 1" 1" 11"
81. 0 50 1" 1" 1" 1"
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Middle Mesa Core Hole 1C
Coconino County, Arizona
Driller: Robert A. Elmer
Begun April 12, 1966 Finished April 13, 1966

Sample Depth Recovery Description of material
(feet below (percent)
surface)
1.0 0 No core.
5.5 100 Sandstone, buff, poorly cemented.
9. 5 75 " " " 1"
badly broken.
15. O 91 (1] 1" " 1"
20. 5 96 (1] (1] " "
few broken zones.
30. 5 70 1] 1] " 1"
several broken zones.
35' 0 44 1] 1] " (1]
badly broken.
41' O 66 1" " " 11
5 1- 0 30 1" (1] [1] "
55- 0 75 [1] (1] 1 11]
60. 0 100 " " 1" (1]
65. 0 40 1" 1" (1) 1"
75.0 30 Sandstone, buff, poorly cemented,
badly broken.
80.0 0 No core.

Middle Mesa Core Hole 2

Coconino County, Arizona
Driller: Robert A. Elmer
Begun April 15, 1966 Finished April 16, 1966

Sample Depth Recovery Description of material
(feet below (percent)
surface)
1.5 0 No core.
10.0 100 Sandstone, buff to white, poorly
cemented, broken.
15. 0 90 1] (1] " 1"
19. 5 80 [1] 1] " "
30. 100 [ 1] 11] " "
not too badly broken.
34.0 90 " " " " broken.
39. O 70 " " " " "
42. 5 43 " " " [1]
badly broken.
47 . 0 80 (1] " " "
51. 0 50 (1] " " "
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Mono Ash Core Hole 1
Mono County, California
Driller: Robert A. Elmer

Begun August 14, 1965 Finished

August 25, 1965

obsidian.

Sample Depth - Recovery Description of material
(feet below (percent)

surface)
3.0 0 No core.
4.6 33 Ash, composed of pumice and
6- 0 66 " " " " " n
9. O 43 " " " 11 11 n
14. 0 20 n n " " " "
19.0 20 Ash, fine.

21.0 0 Ash, gravel sized cuttings.

31.0 20 Ash, with pumice fragments.

33. 6 90 7" 1" 17" "

40' O 15 " " 11) "

60- O 0 n " 1" 7"

70. 0 8 11 " " "

80. O 25 r 1] 1" "

9 1‘ O 18 11) " " "

101.0 80 Ash and lapilli.

111.0 8 Ash, fine.

121.0 100 " "

130.0 100 " coarse.

140.5 95 "  fine to coarse.

149.0 100 " coarse.

152.6 70 " "

153.6 100 "  contact with tuff,

164.0 95 Tuff, pink, some seams.

172. 0 100 " n " "
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Mono Ash Core Hole 2
Mono County, California
Driller: Robert A, Elmer
Begun September 30, 1965

Finished October 1, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
5.0 0 No core.
8.0 33 Ash, composed of pumice and obsidian.
13. 0 20 " 1t 11 ” n n
18. 0 30 1" 1) 1] 1" " n
23.0 40 Ash and pumice lapilli.
25‘ O 50 17 n " n
32‘ 0 20 1" 11 " "
42. 0 4 1"t n 1 1]}
52‘ O l 1] 1] 17" 1"
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Amboy Flow Core Hole 1

San Bernardino County, California

Driller: Norman Bailey

Begun March 12, 1965 Finished March 13, 1965

Sample Depth- Recovery Description of material
(feet below (percent)
surface)
5.1 0 Cinders, dark gray; sand, brown;
soft, loose.
11.2 0 Cinders and sand, gray; cinders
fine to cobble size.
13.2 75 Lava, loose, broken.
17.0 84 Lava, hard, vesicular.
20' 1 81 1" 1" 7n
30.5 31 " " less vesicular.
32‘ O 100 11] " 1" "
34.0 100 " " dense.
39. 0 98 7" 1" - 1"

Amboy Flow Core Hole 2

San Bernardino County, California

Driller: Norman Bailey

Begun March 13, 1965 Finished March 17, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)

4.7 0 Sand, brown, loose and cinders,
gray-black, fine to cobble stone
size.

6.0 80 Lava, gray, vesicular, broken.

7‘ 5 80 n " 7" 1"

9. 2 76 n 11] 11 "

11. 0 56 " " " "

16. 3 19 " 1] 11 "

17. 5 67 " ” 1" 1"

20. 6 100 1" 11) 1" ”

22.8 91 " " friable, badly broken.
30.4 100 " " softer, broken.

32. 5 60 n n 1 1] n
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Amboy Flow Core Hole 3
San Bernardino County, California

Driller: ©Norman Bailey

Begun March 21, 1965 Finished March 22, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
6.0 0 Lava, gray, solid, dense to vesicular.
21.0 100 Lava, gray, solid, vesicular.
broken 12,9-13.0; broken 15.1-15,2
solid, gray, dense,
26.0 64 Lava, gray, highly vesicular, badly
broken.
31.0 80 Lava, gray, hard, solid to vesicular,
broken.
38.0 50 Lava, gray, hard, broken.
40 . O 95 1 1" 11

Amboy Flow Core Hole 4

San Bernardino, California
Driller: Norman Bailey

Begun March 23, 1965 Finished March 24, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
0.6 0 Sand and loose cinders.
5.0 0 Lava, gray, vesicular,
10.0 100 Lava, gray, dense, vesicular.
20. 0 100 1" 11 1) 1"
vertical jointing.
30. 36 Lava, gray, badly broken and creviced.
31.0 100 " " dense.
35.0 97 " " "  non-vesicular to 34.0'
40.0 62 Cinders at 39+ ?
45.0 92 Lava, gray, dense, large vesicle.
50.0 100 " " " solid.
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Bishop Tuff Core Hole 1

Inyo County, California

Driller: Robert A. Elmer

Begun September 9, 1965 Finished September 17, 1965

Sample Depth  ~ Recovery Description of material
(feet below (percent)
surface)
6.0 0 No core.
11.5 0 Core ground up by carbide bit;
cuttings composed of tuff.
22,0 95 Tuff, pink, soft, horizontal joints
2' to 3' apart.
32. 0 100 " " " " "
2" to 1' apart.
42. 0 90 " " " " 1"
2" to 3" apart.
52.0 90 Tuff, buff, soft, badly broken.
62.0 90 "  buff to pink, soft, badly broken.
77.5 0 Ash, pink, fine.
88.0 95 Ash, salmon, medium to coarse.
99. 0 100 " " " " 1 1]
109.0 35 " " " " 1"
119. 5 100 11 " " 1) "
132. 0 40 " " " " ”"
142.0 60 Ash, salmon, with colored lapilli.
152. 0 5 " [1] " 1] "
162. 0 0 1 11] ” 1] "
172.0 10 Ash and lapilli, salmon colored.
17 6. 5 100 ) " 11] 1] " 1]
187. 0 52 11] 11 ”" " ”"
192. 0 40 " 11 1" " "
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Southern Coulee Core Hole 1

Mono County, California

Driller: Robert A. Elmer

Begun August 27, 1965 Finished August 27, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
7.6 0 No core (cuttings composed of
light gray pumice).
17.6 90 Pumice with permafrost.
23.0 80 " " "
28.0 70 " 1little permafrost.
33.0 40 "  broken, little ice.
40. O 29 11 1" 1" 1"
50‘ O 25 n ” n "
59. 0 33 " 7" 17" "
62.0 66 " " " "

Southern Coulee Core Hole 2

Mono County, California

Driller: Robert A. Elmer

Begun August 30, 1965 Finished September 7, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
7.0 0] No core.
13.0 33 Pumice, gray, low density.
23. 0 20 " " " "
32.6 22 " " becoming dense.
42. 0 37 " " " "
52.0 25 " gray to brown.
62.0 33 " tan.
72.0 20 " buff, dense, badly broken.
82‘ 0 15 " " [1] L1 "
85. 0 33 1" " " " "
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Southern Coulee Core Hole 3

Mono County, Califormia

Driller: Robert A, Elmer

Begun September 8, 1965 Finished September 8, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
6.0 0 Pumlce, gray, with permafrost.
13.0 30 " light den31ty, some ice.
14.5 80 1" 1 " 1] n
20. 0 95 1 " " 1" 1" ”
31.0 91 " " " " little "
41. 0 0 1" n n " 1" "
51. 0 50 1" 11) " " 1" "

Southern Coulee Core Hole 4

Mono County, California

Driller Robert A. Elmer

Begun September, 20, 1965 Finished September 28, 1965

Sample Depth Recovery Description of material
(feet below (percent)
surface)
6.5 0 Pumice, gray, light, dry.
12.0 45 Pumice, gray, light density, badly
broken, dry.
17.0 100 Pumice, gray, light, not too badly
broken; ice at 15.0'.
22.0 80 Pumice, gray, light, ice seams that
leave a pumice gravel after melting.
32.0 55 Pumice, gray, medium to dense, badly
broken, ice decreasing.
42.0 60 Pumice, gray to brown, fairly dense,
badly broken, ice 1ncrea31ng
52' 0 40 n 3 " "
59.0 64 " " " " 1l
68.0 66 Pumice, gray brown to dark gray,
banded, dense, badly broken, permafrost.
79.0 36 Pumice, gray to buff to brown, dense,

some obsidian, permafrost throughout,
all badly broken.
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Southern Coulee Core Hole 4, continued

Sample Depth Recovery Description of material
(feet below (percent)
surface)

91.0 0 Did not pick up any core; badly
broken formation; probably obsidian,
cavities--83.0'-85.0', 88.0'-90.0'

97.0 50 Obsidian and dense pumice, gray,
badly broken, little ice, almost dry.

101.0 0 Obsidian and dense pumice, badly
broken.

106- 5 9 " " 1n " 1"

112.5 50 Obsidian, dense pumice, rhyolite.
gray, badly broken, ice throughout.

118. 0 45 " 7" 1" "

127.0 28 " " " some ice.

137. 0 50 " n n 1" n

143. 5 31 11} 11} " 11" "

147. 0 O 11} " 1] 11 "
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Figure 97 --Sonora Pass area, California diamond drill
hole and seismic spread locations.
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Sonora Pass 1

Mono County, California
Driller: Robert A. Elmer

Begun August 6, 1965 Finished August 13, 1965

Description of material

Sample Depth - Recovery
(feet below (percent)
surface)
1.0 0
2.2 92
3.3 100
4.5 92
4.7 0
6.3 100
9.0 87
15.0 100
15.3 17
31.7 100
40.0 98

No core.

Granite, few joints.
17" "

14
"
"
"
1"
1"
"t
1"
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1"
n "
17" "
n 1"
1" 1"

many horizontal seams.
seam 15.1'-15.3",

solid, few joints.
" n n
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LABORATORY PHYSICAL PROPERTY MEASUREMENTS
ON CORE AND SURFACE SAMFLES FROM
SIX LUNAR ANALOG TEST SITES

by
Joel S. Watkins and Lawrence A. Walters
Flagstaff, Arizona

This appendix includes available physical properties data
measured in laboratories from samples of the Kana-a Lava Flow,
Arizona (an a-a basalt), S P Flow, (a blocky andesitic basalt),
Amboy Flow, California (a pahoehoe basalt), Meteor Crater, Arizona
(primarily fractured and shocked sandstone and limestone), Kaibab
Limestone Site, Arizona (primarily limestone with lesser amounts
of dolomite and sandstone), and the Sonora Pass Site (massive,
relatively unweathered granite). All measurements were made on
NX core or on segments taken from NX core except those on rocks
from the S P Flow, where coring to date has been unsuccessful.
S P measurements were based on surface samples.

The pulse and density measurements, except as noted below,
were made by the Branch of Special Projects Laboratory of the
U.S. Geological Survey under the direction of James Scott. The
static measurements were made by the Branch of Engineering Geology
l.aboratory under the di?ection of Thomas Nichols. The density and

nitrogen permeability measurements for MCC-4 were made in the
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Branch of Astrogeology Laboratory under the direction of C. H.
Roach.

For other laboratory physical properties data previously
published b; the In Situ Project, see Watkins and others, 1964,
p. 39-42 and Roach and Johnson, 1966, p. 22-40. Drilling logs
of core holes from which core samples were taken are given in
Appendix A, this volume.

A limited amount of in situ physical properties data have
been published by Walters (1966 and in this volume).

For a geologic description of the test site on S P Flow,
see Watkins and others (1964); for the test site on Kana-a Flow,
see Loney (1965); for Meteor Crater, see Shoemaker (1963); and
also see Godson and others (1966). The Sonora Pass has been
described by Haines in this volume. Brief descriptions of the
Amboy and Kaibab sites are available in the Work Plan and Operating

Budget for the In Situ Physical Properties Project, FY-66.
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Tables 12-17

Core-sample analyges
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AUTOMATIC DATA PROCESSING

‘by Jean Claude De Bremaecker and James H. Whitcomb

Intoduction

Our philosophy in programming, as described in a previous
report (De Bremaecker and Whitcomb, 1966), has been to subroutinize
operations so that the programmer has maximum flexibility in
writing and using programs for seismic data analysis. Ideally,
main-line programs control input/output of data with the exception
of subroutines specifically designed for data handling.

Our current library of subroutines, written in FORTRAN IV for
a CDC 3600 computer, is listed in this report. Each subroutine is

preceded by a brief description of its basic function.
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Subroutines
UNPACK
The family of subroutines titled UNPACK reads and stores

a group of analog traces in digital form. Individual traces are
then unscrambled from their original data form and stored in a
matrix in the computer, making them ready for further computations.
The UNPACK family of subroutines is a prerequisite for any analysis
of the seismic data and is the first subroutine incorporated in

any main-line program. However, limitations in computer storage
often may force the incorporation of UNPACK functions into the main-

line program to conserve space.
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SUBROUTINE UNPACK (TAsIByIR,V)
UNPACK TRACES 1 THRU 8 OF A 12 TRACE DIGITaL RECOAN
STORE IN V{1ls1) TO VI(8,1) IN FLOATING PUOINT
IA IS TIME IN MSEC WHERE UNPACK BEGIMS, IB WHERE IT ErDS
IR IS THE RECORD WUXBER ON THE DIGITAL TAPE STARTING AT 1
IA AMD IB ARE GIVEM BY THF CONTROL PROGRAM AS IMTEGERS
COMMUN/100/T+RECORD
DIMENSION RECORD (9000)
INTEGER T¢RECORD
DIMENSION T(4000),V(8,800)
DO 12 I=1,41IR
BUFFER IM{1l,1) (RECORDND{1)4RECORD{(2))
100 IF(UNIT,1)100,12
12 CONTINUE
IBEG=4+{3%14A)
IEND=3+(3*1IB)
BUFFER IN (1y1) (RECORD(1)yRECORD(IENID))
IF(UNIT91)19293,4
PRINT 7
FORMAT (* END OF FILE=*)
STQP
PRINT 8
FORMAT (* PARITY ERROR>)
STQP
2 PRINT 6,yRECORD(1),RECORD{3)
6 FORMAT {(1X,110,110)
DO 9 J=1BEG,IEND,3
M=(((J=IBEG)/3)%8)+1
L=M+7
9 DECODE (164104RECORD(J) ) (TUK) gK=Myl)
10 FORMAT (8R2)
LA=IB-IA
DO 11 J=1sLA
DO 11 I=1,8
K=(J=1)*8+]
11 VII,J)I=T(K)
RETURM
END

AOOOOO

-~ W -

® &
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SUBRUUTIME UNPAKZ (IAyIceIRyV)

UNPACK TRACES S THRU 12 AwnD 13 THRU’16-PKESUHED Lt

STORE IN V1(I) TO V8(I) IN FLUATING PUINT

CONSECUTIVE wECURDLS

IA TIsk IN MSEC WHERE UNPACK BEGINS, IB WHERE .IT EnDS
IR IS THE RECURD WUMBER ON THE DIGe TAPE STARTING. AT 1

IA ANLD I8 GIVEN BY CONTROL PROGRAM AS INMTEGERS
COMMON/100/T sRECURD ) :
DIMENSIUN RECORD (9000)

INTEGER Ty RECURD

DIMENSIUN T(4000),V(8,800)

DO 12 I=1,IR .

BUFFER IN {(1l,1) (RECORD(1),RECORD(2))
IF(UNIT21)100412

CUNTINUE

1=0

IBEG=6+(3*]A)

IEND=5+(3=*1B)

BUFFER IM (1y1) (RECURD(1)4RECURD(IEND))
IF(UNIT,1) 1921394

PRINT 7

FORHAT (% END UF FILE®

STOP

PRINT ©

FORMAT (% PARITY ERROR*)

STUP

PRINT 64RECURD(1)4RECORDI(3)

FURMAT (1Xs110,110)

IF{I)19914,20

PRINT 22
FORMAT {* ERRUR InN UNPACK2)
STOP

DU 9 J=IBkGelizne3
M=((J=IBEG)/3)%8+1

L=in+3

DECODE (84104RECURD(J)) (TIK)q K=1ngl)
FURIFAT (4RZ)

1=2

I3EG=4+(3=]1A)

IEND=3+(3x]8)

GO TOU 13

0OU 21 J=1BEG,IENDs3
mE((J=138EG)/3)%8+5

L=1+3

NECOLE (8yl0RECURD(J) ) (TLRK) K=yl )
LA=Ig-1A

DO 11 4=1,LA

bo 11 I=lyo

K=(Jd=1)%8+1

V(Iyd)=T(K)

RETURM

EiD
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SUBRUUTINE UNPAK3 (IA,IB5IRyV)"’
UNPACK TRACES 5 THRU 12 OF A 12 TRACE DIGITaL Rrlurbh
STORE IN V(1,1I) TQ VI(8,1) IM FLOATING PUIMNT
IA IS TIME IN MSEC WHERE UNPACK BEGINS, IB WHERE 17 i&ibhs
IR 1S THE RECORD NUMBER ON THE DIGITAL TAPE STARVI G AT 1
IA AND I8 ARE GIVEN BY THE CONTROL PROGRAMSAS IWTEGERS
COMMOMN/100/TRECORD
DIMENMSTION RECORD (9000)
INTEGER T¢RECORD
DIMENSIUOM T(4000),V(8,800)
DO 12 I=1,1IR
BUFFER IM (1,1) (RECGRD({1)RECURND(2Z))
100 IF(UNIT,1)100,12
12 CONTINUE
IBEG= 5+(3%[A)
IEMD= 4+(3%]B)
BUFFER Int (141) (RECHRU(1)yRECORD(IEND))
IF{UNITe1)1929394
PRINT 7
FORMAT (= ENMD OF FILEX)
STOP
PRINT 8
FORMAT(* PARITY ERROR=)
STOP
2 PRINT 64RECORD{L)4RECUORND(3)
6 FORMAT (1X,110,110)
DN 9 J=IBEGyIEND,3
M= ((J=-IBEG) /3)%*8)+1
L=i+7
9 DFCODE (164510,RECORDIJYY (TIK)sK=ilyl)
10 FORMAT (8R2)
LA=TB~IA
PO 11 J=14LA
PO 11 I=1,8
K={J=1)%8+1
11 VIIsd)=T(K)
RETURM
END

o000

-~ W

@ p

275



DTREND
In order to eliminate errors caused by a biasing of the data
in computations, a least squares sﬁraight line is calculated for
the seismic data window. The least squares line is subtracted
from the data prior to analysis by another subroutine or the

main-line program.
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SUBRGUTINE DTREND (nyY)
LEAST SQUARES DETREND

SUBTRACTS LEAST SQUARES STRAIGHT LINE FRUm FUNCTION Y UF LEJdeTH

MAX N = 500.
DIMENSION Y(800)

P=i -
SX=P*(P+1.)/2.
SX2=Pu(P+Lle )i (Za%P+10) /6
SY=0

SXY=0

DO 10 I=1lsN

X=1

SY=SY+Y(I)
SXY=SXY+X%Y(])
D=PHSX2=SK#SX
AZ=(SY*SX2=SX%SXY) /D
Al={P&SXY=SY®SX)} /U
DO 20 I=1l.N

X=1

YP=AZ+AL%X
Y{I)=Y(I}=-YP

RFTURN

END

277
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CHNCOR

The object of the CHNCOR subroutine i§ to correct the obvious
digitizatiog errors in the digitized seismic record. The method
computes the standard deviation of all the digitized values and
then compares each value for validity with the magnitude of five
times the standard deviation, 1If one or two errors in a row are
detected, they are smoothed over using adjacent values; if three or

more errors are detected, an error message 1s printed.
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OO0

N W

10

12
19

13

14
16
15

17
18

20

SUBRUUT

INE CHNCOR (NsCyFN}

CHECK AND CORRECT FN(I) PROGRAM

€ IS MAXIMUM PERMISSIBLE FIRST DIFFERENCE

N IS NUMBER OF VALUES OF FN(I) TO BE READ IN

N IS OUD INTEGER NO GREATER THAN 799

LAST 3 VALUES OF FN(I) SHOULD BE WITHIN ERROR LIMITS
DIMENSION FN(800)

J=0
X=0
N2=N=-1
D0 10 I

=»]lyN2

D=FN(I)=FN(I+1)}
IFID) 19243

D=~D
IFIC=-D)
J=J+l
X=mX+D*]

109292

CONTINUE

Y=J

X=54%SQRTF(X/Y)

1=0
I=I+]
IF(N=]=
D1=FNI(I
IF(Dl)4
Dl==p1
IF(X=D1
D2=FN{I

1120419919
)=FN(I+1)
1546

179545
)=FN(I+2)

XP=1,5%X
IF(D2)8911+9

D2=-D2

IFIXP=D2)13,11y11
FNEI+L)s(FN(T)+FN(TI+2)) /2.

I=1+2

GO TO 12

D3=FN(I
X2=24%X

)=FN(I+3)

IF({D3) 14,1516

D3==D3

IF(X2-D3)17415,15
FNUT+1)=(2.%FN{I)+FN{I+3))/3,
FNLI+2)=(2.%FN(I+3)+FN(1)) /3.

I=1+3

GO TO 12
PRINT 18,1

FORMAT
1D}

RETURN

END

(10H AFTER FN{I4,40H) ARE 3 ERRURS IN A ROWa.eeODISCARD KECiL:K
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TRNSFM
This subroutine computes the amplitude spectrum of a function
which is, in this case, the digitized seismic trace. The method
uses an approximation to the integral known as '"Filon's method."
The method is given in many textbooks on numerical analysis that

deal with quadratures (Hamming, 1962).
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SUBRUUTINE TRNSFiM (NyBsFMINsFHAX,DF9FNyC)
DIMENSION FiN{800),C{100)}

G FOURIER TRANSFURMS BY FILONS METHOD
c B IS TIME DURATION IN SECONDS, N IS NUMBER OF VALUES FRUi* O 70 u
C FREQUENCIES ARE IN CYCLES PER SECOND
c N MUST BE AN ODD NUMBER NO LARGER THAN 799
c (FMAX-FMIN)/DF MUST BE 50 OR LESS
C FMIN IS LOWEST FREQUENCY, FMAX IS HIGHEST, DF IS INCREJEMNT
C.. - EN(I) IS THE VALUE OF THE FUNCTION TU BE TKANSFORMED AT THr ITH
c POINT IN TIHE (WHEN I=l, TIME IS ZERD, WHEN I=N, TIfe IS b)
c F IS THE FREQUENCY USED TU FIND THE CURRESPONDING TRANMSF(IRm C(r)
c READ IN VALUES OF N, By FMINy FMAX, DFy AND o VALUES FUR Fu(1)
c FROM MAINLINE PROGRAM
J=0
D=N-1
K=N-1
L=N-2
DT=0.001
DF=6.28318%DF
F=FMIN%6.28318
... 60 TOT
8 F=F%6.28318
F=F+DF
7 TH=DT*F
J=J+l

70 ALF=(TH®%2+4TH=SINF(TH)*COSF{TH) =2+*SINF(TH) %2 /T3
co . BET={2e%(TH®(1e+COSF(TH)®%2) =2 %SINF(TH)I®CUSF(TH) )}/ TH=%3
GAM=(44*{SINF(TH)=TH*®*COSF(TH) ) ) /TH**3
60 CEV=e5%(FN(1)+FN(N)}*COSF(F*8))
DO 10 I=34Ly2
u=1I
10 CEV=CEV+FN(I)=COSF(F*U*DT)
- -£0Db=0
DO 20 I=2,Ky2
u=1
20 COD=COD+FN(I)*=COSF(F*UxDT)
SEV=u5%FN(N)RSINF(F*B)
DO 30 I=34Ly2
u=1
30 SEV=SEV+FN(I)=SINF (F*U=DT)
SQD=0
DO 40 I=2,4Ky2
u=1I
40 SOD=SOD+FN(I)*SINF (F*U*DT)
CD=FN(N)*SINF(F*B)
CT=DT*(ALF*CD+BET*CEV+GAM=COV)
SD=FN(N}®*COSF(F=B)=FN(1)
ST=DT*(=ALF*SO+BETH*SEV+GAM*=SUD)
ClJ)=SQRTF(STH*2+CT#%*2)
F=F/6+28318
IF(FiMAX=F)1999,8
9 CONTINUE
DF=DF/6.283148
RETUR 281
END



COTRAN
COTRAN computes the cosine transform of a window in the
seismic trace. Output gives the transformed values corresponding
to equally spaced frequencies in an interval designated by a

minimum and maximum frequency.
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o000

501

602

603

3030

SUBROUTIMNE COTRAN{CyFNyFLyDSECyFiriAXyFiaIMNyLF ¢nF)

COSINE TRAMSFORMe C IS NAME 0OF TRANSFUORMe FMyeMNAME OF FUNCTIvve T
BE TRANSFORMEDe FL IS LENGTH UF FN In SECOMDS = TIlik AT LAST + -
VALUE,. DSEC IS TlIime

SPACING OF Fin IN SECONDS, FiHIN AND FMAX ARE LOWEST Anh AIGAHEST
FREOQUENCY DESIRED IN CYCLES PER SECOMD. DF IS FREOUERCY SPaCIr.
FIRST FN VALUE, FN(1)y IS VALUE OF FUNCTIUN AT TIME = 0.

COMPUTED QUANTITIES = NF IS NUMBER OF FREWUENCY VALUES= NMUwpch b
TRANSFORM VALUES(C(K)) TO BE CALCULATED. T IS THE LENGTH (F THr
FN VECTOR

DIMENSION C(200),FN(800)
NF s {({FMAX=FMIN)/DF) + 1.

NT = (FL)/DSEC + 1.

NT1 s NT = 1

DO 601 K = 1, NF
R = K=l
C(K) =(R%DF + FMIN)}*®*3,14159%2,
DO 3030 K = 1y WNF

EVEN = JO%FFN(L)
DO 602 I = 3,40MT1ly 2

RI =1 =1

EVEN = EVERN + FiN(I)*COS (RI®DSEC*C(K))

EVEN = EVEN + oS%FM{NT)®COS(FL%C(K))
Q0DBSUM = FN(2)% CUS (C(K)}*USEC)

DO 603 I = &4y NTLly 2

Rl = 1 =1

onDSUK = ODDSUM +FI(T)®=COS (C(K)*RI =*NSEC)
T = C(K)*DSEC .

A s (Tx22 + THSIH (TIRCUS (T) = Za%({SIN (T)) kg K
B 2¢%(Tx(1la+ (COS (T))=xx2)=2,xSIN (TI®CUS (T))/Ts
G = 44¢x(SIM (T)= T*COS (T))/TH%3
CIK) » DSECH(A®FN(NT)®SIN (C(K)* (FL)) + 3%EVEN + Gu0nbst )
RETURN

END

<5
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AUTCOR
AUTCOR computes the autocorrelation function for a given
window and given maximum phase shift of the seismic trace. Digital-
ly, the proéess simply mulﬁiplies a time window by itself at various
phase shifts.

The function has no real physical significance in

itself, but may prove useful for interpretation of seismic data.
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SUBROUTINE AUTCOR (LyIBEGyIENDsFNyPHI)
AUTOCORRELATION FUNCTION PHI .
WINDOW OF FiN CORRELATED IS IBEG TO IEND INCLUSIVE. L IS LeENGTH
OF PHIs #MAX L = 126+ CORRELATION IS FOR A TIME LAG OF ZEROD Tt
L-1 MILLISECOMDS., IEND=-IBEG SHOULD BE MUCH GREATER THAN L.
DIMENSION FN(4500)4sPHI(126)
N o= IEND - IBEG
DO 10 I=1,L
PHI{1}=0
M=IEND - (I-1)
DG 20 J = IboEG, #
JI = J + 1 ~1
20 PHI(I)=PHI(I) + FN(JI=FN{JI)
A=N=(I~1)
PHI(I)=PHI(I)/A
10 CONTINUE
RETURN
END

OO0
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CROSCR
Crosscorrelation of adjacent traces is computed by CROSCR
given a specified time window and maximum phase shift, The function
thus provides a measure of continuity of signal from trace to
trace. However, as in AUTCOR, it h;s no physicél signifigance

except as an aid to interpretation.
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SUBROUTIE CROSCR (KyIBEGy IEND FNyGiis PRI

C CROSS CURRELATION FUNCTIONM PHI -
c CRUSS CURRELATES Fn AND G FRUM IokEG Tu Igwb
c TINE LAG IS -K/Z TO K/2 WILLISECOMDS. HAX K = 250,
UDIMENSION FN{4500)y6N(4500)y PRI(251)
Kng = K/2
KP1 = K + 1
KDP = K/z + 2

LA = (K/2) + 1
DO 20 J=14KDZ
Kdl = KD2 = J + 1
L=TEi:b = J
A=p—-J
PHI{RJ1)=0
DO 30 1=I8e6sL
M=1 + J
30 PHIAKJLYI=PHI(KJIL) + GNLI)*FN({m)
20 PHI{RJL)=PRI(XJL)/A
PHI{LA)=0
A=N
DG 10 I=IbkRGyIEND
10 PHI(LAY=PHI(LA) + FN{I)=0ow(l)
PHI (LA)Y=PRI(LA)/A
DO 40 J=KDP,KP1l
L=IEND ~ (J=-KD2-1)
A=i={J=-KD2=-1)
PHI(J)=U
DU 50 I=1IBEG,L
=1 + (J=-KbD2-1)
50 PAICI)I=PHI(J) + FRII)=GH(0)
40 PHI(JI=PHI(J) /A
RETURN
=D
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BANDFL
This subroutine computes the positive half plus the center
point of an even bandpass filter. The filter is named C of length
TMAX at a time spaciug DT. It passes the frequencies from FMIN to
FMAX. TMAX should be at least 2/FMIN to obtain good results. The
greater TMAX the better the filter, but also the slower the filter-

ing. All parameters are presumed to be given by the main-line

program,
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leNeNeoNeoNe Nyl

SUBRUUTINE BAMDFL (CyFHINgFHAX THAX$DT 9 MT)

DIMENSIUN C{200) '

BAND PASS FILTER. C IS NAME UF RESULTING FILTER. FMIty FMAX ARE

LIMITS FOR INTEGRATIUN OF CUS(2%PI*T¥F) WITH RESPECT TU F. CI{K)

IS INTEGRAL FOR T = (K=1)#DT. TMAX IS MAX VALUE OF T FOR WHICH C

1S COFPUTED. C IS MULTIPLIED BY A SCALED SIN(X)/X FUNCTION TO GIVE

FINAL FILTER Cs MAX NT {(=THAX/DT+le) IS 200

C IS POSITIVE HALF PLUS CENTFR POINT OF AN EVEN FILTER

NT = THMAX/DT +1.

S = 3414159/ (FLUAT(NT) = 1)

C(l) = FMAX - FMIN

IF(FMIN) 364910436
36 DO 25 K = 2y NT

F=K-=1
25 CHK) = SIN(F*S)/(F%%2%5%6,28318%DT)*(SIN(6+28318%FMAX*F%DT) -

1SIN{628318%FMIN®F%DT) )

GO TO 40
10 DO 26 K = 25 MT

F=K=1
26 C(K) = SIN(F%S)/{F*%2%S%6428318%DT)%*SIN{6+28318%FMAXKF%DT)
40 RETURN

END
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DFILTR
This subroutine computes the positive half of an even filter
corresponding to any frequency spectrum. It is not particularly

well suited for computing a bandpass filter as in BANDFL.
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SUBROUTINE DFILTR (CaFNeFLsISECHFMAX4DFINF) - Co
COMPUTE EVEN FILTERe C IS WAME OF FILTERS FilpNAHME UOF SPECTRUM.

C
C FLy LENGTH OF FN IM CYCLES/SECUOND = FREQUENCY AT LAST Fd VALUE.
C DSECy FREVUENCY SPACING OF SPECTRUM FN.
C FIMAX 3 LENGTH UF FILTER C IN SECONDS.
C DFy FREQUENCY SPACING IN FILTER, CYCLES/SECOND. :
C FIRST Fn VALUEy FN(1)y IS VALUE OF SPECTRUM AT FREWUENCY = u.
C COMPUTED QUANTITIES - NF IS nUMBER OF FREQUEMCY VALUES= HNUmMeEr ub
c FILTER VALUES(C(K)) TO BE CALCULATED NT IS THE LEWGTH OF ThE
C FN VECTOR. MAX NF (=FMAX/DF+1ls) = 200. H#AX NT (=FL/USEC+1.)=duu.
C COMPUTES POSITIVE HALF PLUS CEnTER PUINT OF AN FVEN FILTER
DIMENSION C(200), FiN(500)
NF = FMAX/DF + l.
NT = (FL)/VDSEC + 1.
NT1 = NT -1
bo 601 K = 1y NF
R = K=1
601 C(K) = R*DF*3.14159%2,
DG 3030 K = 1y NF
EVEN = J5%FN(L)
0O 602 1 = 394NTly 2
RI = 1T ~1
602 EVEN = EVEN + EN(I)I*COS (RI*NSEC#*C(K))
EVEN = EVEN + o5#FN{NT)*COS(FL*C(K]})
0DDSUM = FN(2)% COS (C(K)*OSEC)
DO 603 I = 4, NT1ly 2
RI = 1 -1
603 0ODLSUK = 0DDSUM +FMLT)I=COS (CLR)%RI *DSEC)
T = C(K)=*DSEC
A = (TH%z + THESIN (TI®COS (T) = Zo%(SIN (T)1=x2)/TH%3
B = 2e%{Ta{let+ (COS (T)I¥¥2}<2.SIN (T)*COS (T))/T%%3
G = 4% (STt (T)=~ T%COS (T))/Tw%3
3030 CUK) = DSECH#(ARFNINTI®SIN (CliK)= (FL)) + B¥EVEN + oxubuSuUi)
. RETURN
END
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TAPER
This subroutine is normally used to taper an autocorrelation
function pr;or to transforming, or an even filter prior to using
it., It multiplies the function being tapered by a smoothly
decreasing curve thus preventing discontinuities at the end. Note
that the function being tapered is assumed to be even and only

its positive half is assumed to be given by FN.
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SUBRUUTINE TAPER(FIlsL) . o :
L IS LEHGTH F Frre FM OIS JWULTIPLIED BY THE FIRST SkooreT {(o==1)
OF A SCaALEH SIn(X)/X FUNCTIUNS HAX L = 2zUUe
Fed IS POSITIVE HALF + CENTER PUINT UF EVES FUCTIMR,
USED TU SwlUuTile END UF FN TO PREVENT DISCUNTIMUITIFS
DIMERSTur Fo(200)
FANCL) = Firi(l)
R =L -1
DU 614 1 = 2L
S=1-1

614 FH(T) = (FRM{I)%#SI(3414159%xS/R)}/(S%3414159/i)
RETURI
END

OO0,

293



convo
This subroutine permits filtering data by even filters.
The process_in digital analysis is called convolution or rectangu-
lar integration and its analog equivalent can be thought of as a
fréquency filter of variable bandpass width and shape. The shape
of the filter can be varied by the programmer and a relatively

narrow bandpass response can be obtained.
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DIAFNSIION FRIBU ) 9P Z00) yu5i{500) : v
FILTER GIVEN BY CENTER PUInNT PLUS HALF LEnNGTH
DATA I F(T)yRESULT IM G(I)y FILTER In wP(I) .
DATA LENGTE LDy FILTER LEMCTH LR MAXLD = oQUey HAX LE = Zyva
LE=LD=2%LF+2

I1=0

X=0

I=1+1

K=l+LtF=1

X=EX+FH(K)>UP (1)

N7 Js29LF

L=I+LF=J

mEl+LEF+J=2

X=X+ (R L) +Fal () ) 0P (D)

GRE{I)=X

IF(I-LR)638 ¢

LRI=LR+1

DO 10 I=LRI,LLD

Gu{I)=0.0

RETURI

END
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DECONO
This subroutine performs the autoregression of F by H. If
a geophone is given a tap, i.e.; an impulse of force, then H is
the impulse velocity response. Thus if F is autoregressed with
H (by this program) the result is the true ground velocity. Insta=-
bility problems may occur if H is not quite correct. The problems
can be detected by first checking H for stability by means of

STABLY.
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1601161000~

¢

U030
1200

10
c4d8

SUBRUUTIME weClind
PDECTH VOLUTIO o
UDPERATED Uwn
HMAA v = 500,
DIHENSTON FI500),
F(1) = F(1)/r(1)
Vi) 1200 I = 2,N
DO 3030 J = 2,1

1J = - J

F(I) FLI} - A{d)
F(I) FII)/H(1)

K =1 + 1

DO 2u88 I = Ky i
DO 10 J = 240

i =1-4J

F(I) = F(I} - H{J)
F(I) = F(I) / H(1l)
RETHRN

END

(ryi'inyl-')

AR N = 20
H{z0)

= F(IJd + 1)

[ ]

c F(IJ + 1)
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STABLY
This subroutine checks the stability of a deconvolution
operator. The operator checked is H of length N. If the operator
is stable it prints STABLE and vice versa for UNSTABLE, It uses

Jury's division method (Jury, E. I., 1964).
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N

(e NeEeN ol elea el e el la e

&0

lloloui-

32

1591

12300

17e

ol

64

Lo

23

44
44

30
45
(s3]
)

cl

SUBRUUTINE STABLY (Hsr)
STABILITY CHECK Fuk DECUMUS ¢
ELEviEnT OF H
SaRYe TEST 1y
Ude TEST 2,
PUSITIVES. (FOR THIS TEST,
FIRST EVE® ELEAENT). TEST
AN 4 UPERATES DECONU ORN
e Trik FIRST
ADBSOLUTE VaLUE.
FAILSy PROGRAM
TFST FaILSy *#STABLE® IS PRIMTED.
BE SuURl H(1) HAS URIGIWNAL VaLuk,
DIMENSION HE20)y, G(20)
COMiAGH HSUy ESUMe USUM,
POIMT = 1

IF (H{1)) 32,32,1500

01 1691 T = 1a0f

MOI) = -h(l)

POLIHT = =1

HSUM = (1)

i) 64 1 = 2y

HSU = HSUM + HI(I)

IF (HSW: ) 30,30,41600
ESuUs = H(1)

DO ¢y 1 =
£l
USUN
DU 89 1 = «y
UsSul = USuUm + HI({I)

I: (BSU = USUs) 30,30,
Bl I = 1y, ™

wl = - 1

GI) = mlinI+l)
CALL oOFCunNU (Gyid
M2 = Moo= 2
FLAG = 1.

DU 2¢ 1T = 1,
IF{ALS{GIT))
FLAG = =1,
CUNT INUE
IF (FLAG)
PRINT a4
FOREAT (TH
GO T 60
PRINT &5
FORMAT (9ii UuSTABLE )
LE PALiT) 23y 23y 61
vy 196l 1T = L1y

nll) = ~-f(1)

RETURN

EnD

FIRST

ER)

G

iy 2
+ ()

EX)
-5 U
Hiz)

Ny 2

1700

(e8]

arigid)

ez

le) 28936436

SU 90940

SThaole )
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(SUM UF EVEN ELEMENTS)

ELEMENT IS CUUNTED AS H(O0)
H IS INVERTED
H=-TMVERTED
N=2 ELEMENTS UF G MUST

IFMMESTATELY P<INTS OUT

LEMGTH OF =e FIKST
WECES-
MUST BE POSITIVE (GREATER Trail

(SUM UF UDD ELEMENTS) #UST LE
Tt
(H(I) BECOMES n{w-1))

AMD RESULTS ARE PUT I~TU
bE SHALLER THAN 1 iIn
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PYSLYS
The subroutine, PYSLYS, velocity filters adjacent seismic
traces of a _record as described in Embree and others (1963). The
general operation of PYSLYS is to fiiter, using the CONVO sub-
routine, traces of the seismic record by a given, even filter.
Then, amplitudes of adjacent traces are added with various time
shifts to provide the velocity filtering effect. This subroutine

operates on trace groups 1-9, 9-16, and 17-24.
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1oulloloto-

SO OO0

e Re

@y

21

SUDRUUTINE PYSLYS (VR ILyKBEGyKEND)

TAIS PRUGRA: USES A 1 WSEC/TRACE PIk SLICE orAste IT THEN TILTS Tiwr
BEAM FROM KbEG TO KEMD. IT OPERATES ON 8 TRACES V UF LEMCTH L
KEND MAY BE POSITIVE OR NEGATIVE. OUTPUT I$ N{R8yd)y X3 = 1 TH 10
AS TILT = KBEG TO KEND. #AX (KEND=-KBEG) = 9.

TIME SPACIWG OM EACH TRACE IS 1 MSEC. USES CUNVD

FOR USE ON I3+ 7090y REPLACE DATA STATEMENT WITH

D’-\T[\ “P/ oOO@Z?,.Olel’ ¢ & B @ 7".00101/

AnD RUN UMDER  =BUOTSTRAP, VERSION 9= INSTRUCTION TU DPERATHK
DIMENSION OP(4y11),V(89500)sF(500)y3RI1095001,0(11L)s0K(8911)
DATACILOP(T9d)9I=194)9J=14911)=000827940UL621,40850340405299e0U% 01y,
1019309081069 =e135104960122894045039=e057903~e0270Z34U3118y=eU3034,
Z=e015019=011563=e02702s=e010399-e007374=0000432,y=.00795y~,00540y=,
300445 9=400409,=e004279=¢003409=e003009=e002839-4004769~.002574y-o020
42179=4002089=+001963=4001754=e001649=40015%,-200147,-.001309=.0012Z
593=e00125¢=e00115y-400108,=¢00104,-.00101)

DO 40 J=1y8

Ad=J

K=le + ABSF{AJ=4.5)

D 40 [=1l,.11

GR(Jy I )=0P(Kyl)

LTILT = ABSF(KEMD) = ASSF(XKBEG) + 1.

DO 1 J=143

N0 8 I=1l,11

O(I)=0R{J4y1)

D3 9 I=1,IL

DU 7 K=1eLTILT

R(KyI1=0.

FOIIsV{deT)

CALL COMVO(F,04ILs1Y)

DU 1 I=1,IL

VIJdyI)=F(1)

IF(KEND) 29343

CONTINUE

DO 30 K=KBEG,KEND

JEND=TL=-7%K

KA=K-KBEG+1

D1} 30 J= LsJEND

DU 30 I=1+8

JIsJ+(I-1)%K

RIKB»J)=RIKByJ)+V(I4dI)

RETURR

REND==KEND

KBEG=~KBEG

0U 21 K=KBEGKEMND

JBEG=T7%xK+1

KB=K=KBEG+1]

b 21 J=JBEGsIL

D0 21 I=1,8

JI=J=(1-1)%K

RIKByJ)ZRIKByJ)I+V (T 4J1)}

2=TURN

END
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P-WAVE VELOCITY AND ATTENUATION
SUMMARY, FY-66
by

Hans D. Ackermann and Richard H. Godson

U.S. Geological Survey
Flagstaff, Arizona

. 4
Data presented in this appendix are in the same form as
those of the FY-65 Annual Report (see Godson and others, 1965)

and details of analysis will be repeated here. Locations and.

brief site descriptions can be found in the Proposed Work Plan

for 1967 in this volume.
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Profile

G

.0.062

0.072
0.092
0.237
0.032
0.050
0.137
0.032
0.073
0.139
0.031
0.429
0.031
0.089

0.091

0.064
0.097
0.128
0.042
0.149
0.153

0.045

166
166
77
143
67
125
167
62
91
167
53
83
67
167

143

91
167
250

77
200
250

83

Amboy Flow

o
4250
4390
2080
2300
3040
2960
2500
3770
2520
2000
3310
2220
3200
2750

1740

BishopITuff
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1700
1950
1950
1490
1600
1600

1730

Q u
8350
7300
2620
1890
6800
7850
3820
6170
3960
3770
5260
6060
6750
5870

4930

4450
5400
6130
5750
4220
5130

5810

1.97
1.66
1.26
0.82
2.24
2.65
1.52
1.64
1.57
1.89
1.59
2.73
2.11
2.14

2.83

2.62
2.77
3.14
3.85
2.64
3.20

3.35



Bishop Tuff (cont.)

Profile a v o Qaa Qoz
H 0.132 200 1940 4800 2.47
I 0.164 333 1900 6380 3.36
J 0.063 77 1500 3830 2.55
K 0.066 125 1430 5950 4.06
L 0.153 250 1430 5120 3.56
M 0.074 125 1850 5310 2.88
N 0.084 167 2000 6230 3.12
0 0.118 200 1840 5320 2.89
P 0.082 100 1750 3830 2.18
Q 0.111 167 1820 4720 2.60
R 0.167 250 1760 4700 2.66
S 0.060 100 1610 5230 3.25
T 0.088 © 111 1430 3960 2.71
U 0.148 250 1430 5300 3.71
v 0.053 71 1520 4230 2.79
W 0.096 167 1820 5450 2.99
X 0.108 200 1670 5820 3.49

Cinder Hills
J 0.170 143 283 2640 9.35
K-1 0.076 59 319 2430 7.43
K-2 0.121 91 286 2380 8.50
L 0.076 62 309 2580 8.36
M 0.153 118 325 2570 1 7.92
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Cinder Hills (cont.)

Profile a v o Qaa Qa
N .0.105 77 366 2300 6.29
o 0.161 125 319 2440 7.66
P1 0.248 200 395 2540 6.43
R1 0.180 167 309 2910 9.41

Cinder Hills (second layer, probably not cinders)

F 0.284 23 1030 2570 2.48

G 0.016 15 1030 3120 3.02

I 0.128 111 sés 2730 4.66
Kaibab

E  0.02 50 2380 6680 2.80

F 0.112 200 2500 5600 2.24

G 0.020 50 2550 7850 3.06

H 0.098 200 1380 6400 4.64

Kana-a Flow

N 0.015 22 872 4680 5.37
Q 0.013 17 1205 4100 3.41
T 0.018 25 769 4460 5.81
U 0.017 27 752 4900 6.52
W 0.019 28 882 4660 5.28
X 0.010 27 1032 6070 5.87

1 Cinders at Kana-a flow site
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Olancha bentonite site

Profile a v o
A .1.327 57 120
B 0.595 54 187
B(w.d.) 0.480 91 159
c 0.785 112 261
C(w.d.) 0.755 95 268
D(w.d.) 0.339 110 317
E(w.d.,) -- -- 279

Lompoc diatomite site

B(w.d.) 0.888 52 115
c 1.317 126 205
D 1.260 157 182
D(w.d.) 0.813 78 170
E 0.808 95 130
E(w.d.) 0.781 62 126

Inyokern volcanic ash site

A 0.432 97 255
B 0.511 104 257
B(w.d.) 0.510 69 232

(w. d. means weight drop)
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Q.Y
147
483
383
449
399

1070

197
298

394
310
380

262

713
671

514

1.22

2.58
2.41
1.72
1.49

3.37

1.71
1.45

2.16
1'82
2.92

2,08

2.79
2,61

2.21



Profile

B-C

C-D

D-E

E-F

F-G

G-H

H-I

I-J

J-K

K-L

L-M

M-N

N-0

P

Meteor Crater bottom (first layer)

a

0.175

0.126
0.114
0.239
0.130
0.109
0.103
0.098
0.091
0.133
0.118

0.106

0.153

0.035

0.029

0.086

Meteor Crater bottom (second layer)

0.040

0.054

0.044

v
170
124
109
129
104
100

93
104

90

88

85
82
41
46

46

45
42

43

o
855
1110
840
875
690
760
670
1010
655
592
1010
1050
1020
820
675

790

990
1130

1030

310

QY
3050
3100
3010
1900
2520
2930
2920
3510
3180
2070
2060
2560
1690
3820
4940

1920

3570
2430

3080

3.58
2.79
3.57
2.16
3.64
3.85
4.35
3.45
4.84
3.50
2.03
2.43
1.65
4,65
7.31

2.37

3.60
2.15

2.97



Meteor Crater bottom (third layer)

fil

Profile a v o Qag Qa
P-Q 0.0037 50 2010 42780 21.3
R-S 0.0066 40 2000 18490 9.24

Meteor Crater south rim (first layer)

B-C 0.304 162 515 1770 3.42
c-D 0.332 135 495 1750 3.54
D-E 0.152 101 500 2220 4 bt
G-H 0.616 257 521 1540 2.95
H-I 0.655 206 498 1240 2.55
K-L 0.654 211 735 1010 1.37
L-M 0.833 240 593 900 1.52
0-P 0.464 225 586 1530 2.61
P-Q 0.675 276 773 1290 - 1.67
Q-R 0.480 229 675 1490 2.21
R-S 0.176 234 965 2420 2.50
S-T 0.318 204 1120 2020 1.80
U-v 0.330 268 o902 3290 3.64
W 0.029 28 870 2810 3.21

Meteor Crater South rim (second layer)

X 0.012 26 1770 8320 4.69
Y 0.013 30 1900 7270 3.83
z 0.012 33 2080 6340 3.05
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Profile
A
A
A(w.d.)

A(w.d.)

B(w.d.)

B(w.d.)

C(w.d.)

E(w.d.)

H

I

a

0.064

0.044

0.066

0.044

0.092

0.087

0.051
0.099
0.107
0.067
0.084
0.110

0.077

0.051
0.079
0.129
0.047
0.071
0.119
0.061
0.092

0.184

133
107
143
118
139
149
109
149
170
163
175
161

195

Mono Ash (first layer)

35
63
100
37
50
100
4t
71

111

Middle Mesa
(e
1290
1670
1200
1780
1890
1890
2090
1100
1160
2270
2270
1400

2000

536
487
455
510
458
421
590
512

421

(w.d. means weight drop)
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Qo
6550
7910
6820
8210
4730
5370
7330
4720
5070
6530
6920
6870

8070

2120
2470
2440
2470
2220
2640
2230
2440

1900

5.08
4.78
5.68
4.62
2.50
2.84
3.50
4.06
4.35
2.87
3.04
3.69

4.03

3.95
5.07
5.36
4.85
4.85
6.26
3.78
4.76

4.50



Profile a
J 0.062
K 0.079
L 0.150
M 0.060
N 0.107
0 0.242
P 0.069
Q 0.073
R 0.119
S 0.052
T 0.102
v 0.052
W 0.082
X 0.130
Z 0.050
A 0.013
D 0.026
G 0.022
M 0.027
S 0.017
\ 0.016

Mono Ash (first layer) (cont.)

Vv
36
59
125
43
71
125
48
59
100
45
83
40
66
91

40

Mono Ash (second layer)

33
42
38
45
33

36

o

513
460
459
510
452
473
564
491
455
500
434
568
494
508

556

1760
1680
2080
1780
2050

1640

Q2

1800
2320
2620
2280
2090
1630
2160
2530
2640
2720
2560
2430
2560
2200

2520

7950
5050
5500
5350
6150

7180

1/Probably Bishop Tuff, see Haines (this volume).

3
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3.51
5.04
5.70
4.47
4.62
3.45
3.83
5.15
5.80
5.44
5.90
4.27
5.19
4.33

4.53

4.50
3.01
2;64
3.00
3.00

4.38



Profile a
Y 0.014
Z 0.013
E 0.154
F 0.110
H 0.048
I 0.117
J 0.230
N 0.037
0 0.070
P 0.121
Q 0.025
R 0.092
S 0.125
T 0.057
U 0.212
G 0.023
H 0.018
K 0.042
L 0.111
M 0.138

Mono
v
34

27

Pisgah Flow (first layer)

59
48
32
62
91
27
62
91
30
53
50
45

71

Pisgah Flow (second layer)

27
32
42
62

83

Ash (second layer) (cont.)

o

2160

2030

611

940
1160
1260
1480
1020
1140
1090
1280
1040

895
1070

952

3420
2170
2970
2570

2870

v
Q¥
7950

6570

1200
1360
2110
1680
1240
2290
2800
2360
3220
1790
1260
2500

1060

3690
5580
3110
1770

1900

1/Probably Bishop Tuff, see Haines (this volume).
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3.68

3.24

1.97
1.45
1.82
1.33
0.84
2.24
2.46
2.16
2.52
1.71
1.41
2.34

1.11

1.07
2.58
1.05
0.69

0.66



Profile
B
B(w.d.)

E

C(w.d4.)

A(w.d.)

C(w.d.)

D(w.d.)

E(w.d.)
F
G
H

I

Sacramento Valley (first layer)

a Y
0.061 96
0.062 98
0.043 87

o

1070

1070

1120

Q¥
5000
4960

6290

Sacramento Valley (second layer)

0.034 79
0.042 93
0.040 72
0.052 85
0.047 81

1450
1350
1240
1240

1230

Sierra Ancha

0.042 170
0.063 192
0.048 176
0.053 179
0.059 165
0.046 154
0.071 193
0.059 159
0.051 136
0.079 191
0.084 78
0.107 143

(w.d. means weight drop)
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4400
4400
4000
4060
3890
3900
3800
3800
4600
3600
2200

2650

7270
7130
5610
5140

5320

12700
9940
11500
10600
8810
10600
8480
5590
8320
8280
2880

4880

4.67
4.51

5.59

5.03
5.28
4.50
4.12

4.32

2.89
2.26
2.88
2.62
2.26
2.72
2.23
2.26
1.81
2.30
1.31

1.84



Profile

DD

GG

I

0.082

0.060
0.174

0.081

0.089
0.084
0.075
0.084

0.094

0.169
0.045
0.095
0.139
0.139
0.192
0.096
0.086
0.096

0.123

Sierra Ancha (cont.)

v o
97 2550
105 2900
70 1200
100 3520

Sonora Pass

333 5000
333 5000
333 | 5000
333 5000
-200 5000

Qu
3950

6170
1270

9750

11800
12500
13900
12500

7040

Southern Coulee (first layer)

83 500
24 500
48 500
67 500
53 540
83 420
59 350
71 350
67 440
62 400

316

1550

1710

1580

1510

1190

1360

1930

2610

2180

1600

1.60

2.13

1.06

2.78

2.36

2.50

2.78

2.50

l.41

3.10
3.42
3.16
3.02
2.20
3.24
5.50
7.45
4.95

4.00



Southern Coulee (second layer)

Profile a v o ng Qd
B 0.065 30 1000 1470 1.47
M 0.044 29 1250 2100 1.68
N 0.082 45 1250 1740 1.39
P 0.025 14 725 1820 2.52
S 0.049 29 1350 1880 1.39
T 0.058 39 1350 2070 1.53
Y 0.049 20 880 1250 1.42
FF 0.061 50 2100 2580 1.23
GG 0.054 43 2100 2510 1.20

S P Flow
A 0.090 55 790 1950 2.47
B 0.123 100 1000 2550 2.55
C 0.082 53 1080 2020 1.87
D 0.120 83 775 2180 2.81
E 0.090 105 1060 2330 2.20
F 0.182 32 1120 2460 '2.20
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